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CHAPTER I. INTRODUCTION 
In the traditional short-run analysis of competitive 
firms, economists assume that firms maximize profit^ taking 
as given the output prices, variable input prices, and produc­
tion technology. Information is assumed to be perfect in the 
sense that market prices are known with certainty and pro­
duction technologies are completely understood. Firm managers, 
however, make actual production decisions in a dynamic environ­
ment characterized by imperfect information. Incorrect per­
ceptions of the distribution of current prices, incorrect 
expectations of future prices, or imperfectly understood 
technologies may result in production inefficiencies. 
The Concept of Production 
Efficiency 
French (1977, pp. 94-97) describes the concept of pro­
duction efficiency as "deceptively complex." He asserts 
that the definition and dimensions of efficiency vary at 
^Other behavioral norms may be assumed for firms. A 
behavioral norm is translated into an objective function. 
Profit may be one, if not the only variable, in this 
function. Alternatively, a firm may maximize a certain 
variable (revenue) subject to the constraint that profit 
is greater than or equal to a specified level. 
2 
2 different levels of economic analysis and that the concept 
of efficiency becomes more complicated and other economic 
goals^ become more important as one moves from micro analysis 
to market and macro analysis. At the micro level, production 
efficiency involves two concepts that are termed technical 
and allocative efficiency. The firm is. technically 
efficient if it produces the maximum rate of output for 
given quantities of variable inputs. Technical efficiency 
implies that the firm adopts and properly implements the best 
4 technology that is available to and appropriate for the firm. 
The firm is allocatively efficient if it maximizes profit. 
Allocative efficiency implies that the firm selects quantities 
of variable inputs so that, for each input, the value of the 
A firm produces efficiently if it is both technically 
and allocatively efficient. The industry is economically 
efficient if: Î) all firms are efficient, 2) the industry is 
organized to utilize capacity and take full advantage of scale 
and location economics, and 3) the industry operates under 
exchange mechanisms that generate competitive prices. 
^Efficiency is the only economic goal considered in this 
analysis. Other economic goals such as the quality of life 
(personal freedom, security, etc.), equity, growth, and 
stability are important variables considered by macro policy 
makers. 
4 Henderson and Quandt (1930, p. 66) state that the pro­
duction function is a mathematical expression specifying the 
maximum rate of output for given variable input quantities. 
Technical efficiency is assumed within the function. The 
technology of the firm and the production function are 
distinct. The best or efficient technology for a firm may be 
embodied in a specific capital input or production technique. 
However, if the firm either fails to adopt or improperly 
implements the technology, then it is technically inefficient. 
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marginal product is equal to the marginal factor cost.^ 
Both technical and allocative efficiency are required for 
production efficiency. The firm may be allocatively but not 
technically efficient. In this case the firm selects 
profit-maximizing variable input quantities, but the firm 
either fails to adopt or improperly implements the best 
technology. Alternatively, the firm may be technically but 
not allocatively efficient. In this case the firm adopts and 
properly implements the most efficient technology, but it does 
not select the profit-maximizing variable input quantities. 
Production inefficiencies result from allocative ineffi­
ciencies, technical inefficiencies, or both." 
Human Capital 
Disequilibria in product and factor markets force firms 
to adjust production and reallocate resources.^ The dynamic 
characteristics of product and factor markets deterimine the 
^The firm is allocatively efficient if it satisfies the 
first order conditions for profit maximization. For a multi-
product and multi-input firm, the first order conditions state 
that: 1) the marginal rate of transformation for every pair of 
outputs, holding the level of all other outputs and inputs 
constant, must equal the ratio of their prices (product-product 
relationship), 2) the marginal rate of substitution for every 
pair of inputs, holding the levels of all output and all other 
inputs constant, must equal the ratio of their prices (factor-
factor relationship), and 3) for each variable input, the value 
of the marginal product is equal across all production enter­
prises and is equal to the price of the variable input (factor-
product relationship). For further analysis, see Henderson 
and Quandt (1980, pp. 99-100). 
^Production adjustments may be costly, however, and the 
firm will adjust production only if the increase in revenue 
exceeds the cost of adjustment. 
^For further discussion, see T. W. Schultz (1975). 
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g 
frequency of adjustment and reallocation. In a dynamic 
industry, production efficiency will depend upon the technical 
and allocative abilities of firm managers. Technical ability 
is the ability to correctly implement, monitor, and adjust 
the production technology and processes. Allocative ability 
is the ability to perceive, evaluate, and respond both 
quickly and correctly to changes in economic conditions. 
Both technical and allocative abilities are required for pro­
duction efficiency. Firm managers must select the profit-
maximizing variable input combination and adopt and correctly 
Q 
implement the most efficient production technology. 
It is hypothesized that technical and allocative abili­
ties are learned as opposed to innate skills. Firm managers 
invest time and other resources in formal and informal educa­
tion, job training and experience, information search, and 
other activities to develop technical and allocative skills. 
The rate of return to these investments will depend largely 
A market is dynamic if the equilibrium price changes 
frequently as a result of shifts in either the demand or supply 
curve. Changes in "other" variables shift the demand and 
supply curves. The direction and magnitude of the shifts are 
determined by comparative static analysis. 
9 The production of the maximum rate of output from a par­
ticular variable input combination requires both technical or 
engineering skill and allocative skill. The firm manager must 
be aware of the "state of the art" and determine the technology 
that is appropriate for the firm. The early adoption of the 
efficient technology involves allocative skill. Once a tech­
nology is adopted, it must be properly implemented to achieve 
technical efficiency. Proper implementation may require tech­
nical or engineering skill rather than allocative skill. 
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upon the dynamic characteristics of product and factor markets 
and the management structure of the firm. If product and 
factor markets are highly dynamic and if managers are 
directly responsible and financially accountable for pro­
duction decisions, then the potential rate of return to human 
capital investments that develop technical and allocative 
skills is relatively large. 
Agricultural Production 
Efficiency 
Agriculture is a logical industry to choose for investi­
gating the sources of differential firm efficiency. Modern 
agriculture^^ is characterized by dynamic product and factor 
markets and a relatively uncomplicated management structure. 
Sources of disequilibria in agricultural markets include 
changes in "other" prices, advances in production technologies, 
abnormalities in biological conditions, and shifts in the 
weights assigned to alternative policy goals. Both the 
biological and economic environments of agricultural production 
are dynamic. 
Unlike nonagricultural production processes, agricultural 
production is a biological process that is dependent on both 
an external and uncontrollable biological system and a man-
W. Schultz (1964) distinguishes modern from tradi­
tional agricultural sectors. Traditional agriculture is 
characterized by little technical innovation and relatively 
stable prices. Modern agricultural sectors are characterized 
by rapid technical innovation and relatively unstable prices. 
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induced cultural practice. The farzi manager must carefully 
monitor the growth process and make numerous and often complex 
production decisions. Management controls include the adoption 
and implementation of specific technologies, the selection of 
variable input brands or types, and the determination of the 
rates and timing of input applications. Management controls 
may either utilize or modify conditions of the biological 
system. 
The economic environment of agricultural production is 
also dynamic. Significant advances in U.S. agricultural 
t e c h n o l o g i e s  h a v e  o c c u r r e d  i n  t h e  p a s t  6 0  y e a r s . T h e  
numerous mechanical, genetic, and chemical improvements in 
production technologies have dramatically changed farming 
operations and have forced the reallocation of resources out 
of agriculture into other sectors of the economy. 
The adjustments that have occurred in the agricultural 
sector over the years have been termed the developmental 
transition of U.S. agriculture. Technical change in U.S. 
agriculture has been labor-saving. As a result, the per­
centage of GN? generated in the agricultural sector has fallen 
to roughly 3 percent. The percentage of the labor force em­
ployed in the agricultural sector has fallen from over 33 per­
cent to approximately 4 percent. Farm numbers have decreased 
from over 6.5 million to approximately 2.5 million while 
average farm size has increased from approximately 130 acres 
to over 400 acres- Hours of labor used in agriculture have 
declined steadily; acres of cropland have remained relatively 
constant; tractor horsepower, tons of fertilizer, and other 
chemicals used in agricultural production have risen dramat­
ically. For further discussion and data, see U.S. Department 
of Agriculture (1977, 1980a, 1980b). 
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Technological advances may either change the relative prices 
of available variable inputs or produce new and improved pro­
duction technologies. For example, chemical breakthroughs 
in the synthesis of nitrogen fertilizer significantly reduced 
the real price of commercial fertilizer in the 1950s while 
genetic advances in hybrid seed resulted in the introduction 
of high yielding seed corn varieties in the 1950s. Dramatic 
changes in the relative prices of energy-based inputs during 
the mid-1970s have forced the farm manager to adjust pro­
duction by either substituting less costly for more costly 
inputs or adopting new and economically feasible conservation 
technologies and practices. 
The manager of the modern farm makes numerous allocative 
decisions. The farm operator must determine or select the 
farm output mix and cropping pattern; the seed variety and 
planting rates; the fertilizer and pesticide types, rates, 
and timing of application; the tillage, planting, harvesting, 
drying and storage technologies; and the input procurement 
and output marketing strategies. Unlike nonagricultural 
industries in which job complexities are sharply differentiated 
and allocative decisions are made by groups of trained manage­
ment specialists, the midwestern farm manager is usually 
responsible and financially accountable for his or her pro­
duction decisions. 
The dynamic biological and economic environments of 
8 
agricultural production causes farm managers to frequently 
adjust production. Because agricultural markets are charac­
terized by inelastic product demands and competitive market 
structures, movements in relative output prices may be sig­
nificant as well as frequent. In such an industry, 
technical and allocative abilities are required for pro­
duction efficiency. This characteristic, combined with the 
uncomplicated management structure of the farm firm, implies 
that potential rates of return to human capital investments 
that develop or improve technical and allocative skills are 
relatively large. It is hypothesized that investments in 
formal and informal education, job training and experience, 
and information, will contribute to the development of these 
skills. 
Survey of 
Literature 
Empirical studies of U.S. agriculture support the hy­
pothesis that investments in education and extension improve 
production efficiency. Early empirical estimates of 
aggregate production functions by Griliches (1964) indi­
cated that levels of education as well as research and 
extension expenditures significantly increased production 
efficiency and that rates of return to such investments were 
relatively large. State and county average data on a diverse 
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set of production activities were aggregated to estimate the 
production function. The aggregate nature of these studies 
complicate the interpretation of the role of education 
and extension in production efficiency. 
T. W. Schultz (1964) hypothesized that both technical 
and allocative abilities are required for production effi­
ciency in modern agriculture. Farm operators are assumed to 
be rational economic agents who respond to market disequilibria 
by either altering the variable input mix in the short run or 
adopting more efficient production technologies in the long 
run. Frequent disequilibria in biologically and technically 
dynamic agricultural markets imply that farm managers must 
continually reallocate resources to achieve efficient pro­
duction. The role of education and extension in production 
efficiency was more precisely modeled in later empirical 
studies. Most studies concentrated on the effects of human 
capital on allocative rather than technical efficiency. 
Allocative efficiency 
Investments in education and extension may develop 
allocative skills, technical skills, or both. Welch (1978, 
p. 271) noted that there exists little evidence that these 
variables affect output (technical efficiency) of a single 
commodity when inputs and environmental conditions are fully 
specified. He concluded that the primary effect of education 
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and extension is to develop allocative rather than technical 
skills. Welch (1970) examined the relationship between levels 
of research expenditures and income differentials among farmer 
schooling classes. He assumed that the rate of flow of new 
inputs into agriculture is a function of past public research 
expenditures. He hypothesized that educated managers are more 
adept at critically evaluating new production technologies and 
better able to distinguish between systematic and random 
elements of production. Using state aggregate data, Welch 
reported a positive correlation between research expenditures 
and income levels of college-educated farm managers. 
Fane (1975) and Khaldi (1975) examined the relative cost 
efficiency of farm managers. The measure of allocative 
efficiency used in their analyses is the percentage by which 
the actual cost differs from a theoretical minimum cost of 
producing a given rate of output. The theoretical minimum 
cost is derived from parameter estimates of the aggregate 
production function and from actual variable input prices. 
Actual cost is calculated directly from expenditure data. 
The Census of Agriculture was the primary data source for both 
empirical studies. Fane used 1959 and 1964 county aggregate 
data for 405 counties in Illinois, Indiana, Iowa, and Missouri 
while Khaldi used state aggregates for 1964. Each concluded 
that at a given scale of production farm managers with more 
years of schooling operate significantly nearer a theoretically 
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estimated point of minimum cost that farm operators with 
lesser years of schooling. 
Huffman (1977) focused on a single dimension of allocative 
efficiency. He examined the rate of adjustment of farm 
managers to the change in the optimal useage of nitrogen 
fertilizer between 1959 and 1964. During this period, the 
real price of nitrogen fertilizer decreased approximately 25 
percent and the nitrogen responsiveness of hybrid varieties 
increased significantly. The primary data source was the 
Census of Agriculture. Observations from 306 counties in 
Illinois, Indiana, Iowa, Minnesota, and Ohio were used in 
the analysis. Huffman calculated a partial adjustment coeffi­
cient, the change in actual fertilizer usage divided by the 
change necessary to reach the optimum, and he used economic 
variables to explain differences across counties in the rate 
of adjustment. He concluded that education and extension 
contact speed the rate of adjustment, but they are substi­
tutes at sample means. 
Petzel (1978) used a Nerlovian supply model to analyze 
the rate of adjustment in soybean acreage for selected U.S. 
counties between 1947 and 1973. The central feature of the 
dynamic supply model is a parameter which measures the rate of 
adjustment to a long run equilibrium. Using Census of 
Agriculture data, Petzel fitted a Nerlovian supply model for 
each of 483 counties from nine major soybean producing states. 
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He hypothesized that differences across counties in the esti­
mated rate of adjustment are explained by economic variables. 
The primary conclusion of the analysis that education increases 
the rate of adjustment to a long run equilibrium. 
Technical efficiency 
Traditional economic analyses implicitly assume technical 
efficiency. The neo-classical production function states the 
maximum rate of output for given quantities of variable in­
puts. Technical inefficiency may result, however, if firms 
either fail to adopt or improperly implement the most efficient 
production technology- The early adoption of the most effi­
cient production technology requires allocative skill while 
the proper implementation requires technical or engineering 
skill. Although less emphasis has been given to the effect of 
education, extension, and other human capital variables on 
technical efficiency; Timmer (1970, p. 99) suggests that profit 
or welfare losses resulting from technical inefficiencies may 
be significantly greater than those of allocative inefficien­
cies. 
The classic work in the adoption literature is the study 
by Griliches (1957) on the diffusion of hybrid seed corn in the 
U.S. Griliches fitted logistic trend functions to data on 
the percentage of corn acres planted to hybrid varieties in 
various corn production areas. Three parameters—the origin, 
slope, and intercept—determine the shape of the logistic 
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function. Differences in the origin of the S-shaped adoption 
curves were attributed to the availability of hybrid varie­
ties in the production area (supply characteristic). Dif­
ferences in the slope and intercept were attributed to the 
profitability of adoption (demand characteristics). Griliches 
concluded that hybrid seed com was available sooner, adopted 
more quickly, and utilized more completely in more profitable 
production areas than less profitable areas. 
Other studies by Mansfield (1961, 1963), Nelson and 
Phelps (1966), Kislev and Shchori-Bachrach (1973), Evenson and 
Kislev (1975), Romeo (1975) , Globerman (1975) , Pope (1977) , 
and Wozniak (1980) explained differential rates of adoption 
and utilization of various technologies or production practices 
by variables such as profitability, financial position of firms 
availability of new inputs, allocative ability of firm mana­
gers, and attitudes toward risk. Earlier studies emphasized 
profitability, availability, and financial position, while 
later studies have emphasized allocative ability and risk. 
Lau and Yotopoulos (1971) used an alternative ap­
proach to the analysis of production efficiency. They 
estimated a unit-output-price profit function for a Cobb-
Douglas specification and tested hypotheses regarding rela­
tive economic efficiency between large and small firms in 
India. Data were from 2,962 farms in six different states of 
India for the 1955-57 crop years. The actual data used in the 
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analysis are averages for different farm size classifications. 
They concluded that small farms were relatively more effi­
cient than large farms. While both large and small farms 
were allocatively efficient, small farms were technically 
more efficient than large farms. 
Sidhu (1974) empirically specified and tested the 
Lau-Yotopoulos model with a micro data set. Data were col­
lected from wheat farms in the Indian Punjab for the 1967-71 
crop years. Sidhu used the model to test for differences in 
relative efficiency between: 1) small and large farms; 2) 
farms using old wheat varieties and farms using high yielding 
varieties; and 3) farms using tractors and farms not using 
tractors. In contrast to Lau and Yotopoulos, Sidhu did not 
find statistically significant differences in relative 
efficiency between large and small firms. He also found that 
new wheat varieties were approximately 45 percent more 
efficient than old varieties and that farms using and not 
using tractors were equally efficient. 
An alternative measure of technical efficiency may be 
derived by estimating a frontier production function. Al­
though estimates are sensitive to measurement error, various 
programming methods have been developed by economists. Timmer 
(1970) estimated the frontier production function by using a 
modified version of the programming method of Aigner and Chu 
(1968). The frontier function is fit for a Cobb-Douglas 
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specification. Data from 48 states for the 1960-67 crop years 
were used in the analysis. Tincaer compares frontier estimates 
with "average" ordinary least squares (OLS) estimates. He 
reports that the frontier function is almost a neutral trans­
formation of the average function when 2% of the extreme 
observations are deleted from the data set. The average state 
was 7.6 percent below the frontier. 
Research Objectives and 
Methodology 
The objectives of this study are to: 1) develop theo­
retical models for assessing the effects of specific human 
capital variables on the production efficiency of farm firms, 
and 2) empirically specify and test the models by fitting 
them to a large set of micro data obtained from a survey of 
Iowa farm firms. 
Conceptual models of agricultural production efficiency 
are formulated for the farm firm. A model of technical 
efficiency is constructed for analyzing differential rates of 
adoption and utilization of a single production technology. 
A model of allocative efficiency is developed for analyzing 
relative cost efficiency. The corn production efficiency of 
Iowa farm firms is investigated in the empirical specification 
and estimation of the models. The data are farm level obser­
vations obtained from the 1976 Iowa Family Farm Survey. The 
corn enterprise was selected for the empirical analysis because 
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extensive data were collected in the survey and because a 
large percentage of farms (94%) in the sample produced 
corn. Technical efficiency is analyzed for the type of 
tillage technology used in corn production. A regression 
model including variables for profitability of the invest­
ment and human capital of the farm operator is hypothesized 
for analyzing differential rates of adoption and utilization 
of reduced tillage practices- Allocative efficiency is 
analyzed for the cost efficiency of corn production. A 
measure of relative cost efficiency, the percentage by which 
actual variable cost differs from a theoretical minimum cost, 
is derived. A regression model including variables for 
scale of operation and human capital of the farm operator 
is hypothesized for analyzing relative cost efficiency. It 
is hypothesized that farmers' schooling, experience, informa­
tion, and health will enhance the com production efficiency 
of Iowa farm firms. 
The mid-1970s is an interesting period to analyze pro­
duction efficiency because abrupt changes in the past trend 
of relative prices of energy based inputs was a new dis-
eguilibrating force in agriculture. Farm operators may 
react to such disequilibria by using alternative, although 
not necessarily less energy intensive, cultural practices. 
Operators may adopt economically feasible "energy-conserving" 
technologies and practices in the long run and they may adjust 
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their variable input mix by substituting less for more costly 
inputs or by improving the timing of application in the 
short run. 
Past studies support the hypothesis that levels of 
education and extension contact improve production efficiency. 
Few studies, however, have empirically tested models of produc­
tion efficiency with micro data sets. The data set used in 
the empirical specification and estimation is micro. De­
tailed micro data add a new dimension to the analysis of agri­
cultural production efficiency because they enable the use 
of rather unique measures of information (both public and 
private), experience, and health. The goal of this analysis 
is to identify human capital investment activities that 
contribute to the development of technical ^nd allocative 
skills. The identification of these activities has important 
implications for individual behavior (demand for investment 
activities) as well as public allocation decisions (supply 
of investment activities). 
Organization 
Conceptual models of agricultural production efficiency 
are developed in Chapter II. The agricultural production 
and human capital formation processes are analyzed and models 
of both technical and allocative efficiency are formulated 
in this section. The data set and empirical measures of 
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variables used in the analysis are described in Chapter III. 
The adoption and rate of utilization of reduced tillage 
practices in corn production are analyzed in Chapter IV. The 
empirical models of technical efficiency are specified and 
estimated in this section. Relative cost efficiency in corn 
production is analyzed in Chapter V. The production function 
is specified and estimated, measures of relative cost efficiency 
are calculated and differential firm efficiency is analyzed 
in this section. The summary and conclusions of the analysis 
are presented in Chapter VI. 
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CHAPTER II. CONCEPTUAL MODELS OF AGRICULTURAL 
PRODUCTION EFFICIENCY 
Conceptual models of agricultural production efficiency 
are formulated in this chapter. The models are micro in the 
sense that they are developed for profit-maximizing competi­
tive firms. Models of both technical and allocative efficiency 
are formulated for the farm firm. Models for explaining dif­
ferential rates of adoption and utilization of a single pro­
duction technology are hypothesized in the analysis of techni­
cal efficiency. A model for explaining differential cost 
efficiency is hypothesized in the analysis of allocative 
efficiency. Before each model is formulated, the special 
characteristics of agricultural crop production and the process 
of human capital formation are analyzed to provide a founda­
tion for the construction of the conceptual models. 
Agricultural Crop 
Production 
Agricultural crop production is a biological process. 
For most nonagricultural processes, production takes place 
within a reasonably controlled environment in the sense that 
there are no external and uncontrollable factors required 
for production. Agricultural crop production does not take 
place in a controlled environment and it is, in fact, 
dependent on both an uncontrollable but often modifiable 
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natural biological system and a man-induced cultural practice. 
A framework for the analysis of an agricultural crop pro­
duction process is presented in Figure 2.1. 
The biological system is distinguished from the cultural 
practice in the analysis of crop production. The distinction 
will facilitate the examination and understanding of the role 
of human capital in efficient agricultural production. The 
biological system is the natural environment in which pro­
duction occurs. Conditions of the natural biological system 
such as precipitation, temperature, growing season, soil 
quality, and pest population are external and uncontrollable. 
Weather and climatic conditions include the amount and time­
liness of rainfall, the number of growing degree days, and the 
number of damaging storms. The parent material and topology 
of the land determine soil quality. Insect infestations and 
plant diseases are forms of uncontrollable pests. 
The cultural practice is composed of both a production 
and modification practice. The modification practice is dis­
tinguished from the production practice because it alters or 
modifies rather than utilizes the conditions of the bio­
logical system. Management controls associated with each of 
the man-induced practices include the adoption and implementa­
tion of production or modification technologies and the 
selection of a variable production or modification input mix. 
The adoption of a technology is a long run managerial decision. 
I Agricultural Crop Productionj 
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Figure 2.1. A conceptual framework for the analysis of agricultural crop 
production 
22 
Production technologies include the tilling, planting, culti­
vating, and harvesting methods used in the production 
practice. Modification technologies include the fertilizer 
and pesticide application, irrigation, drainage, and grain 
drying methods used in the modification practice. The selec­
tion of a variable input nix is a short run managerial deci­
sion that involves the determination of the type or brand of 
input, the rate of application, and the timing of application. 
Conditions of the biological system that are utilized 
in production or growth consist of naturally-occurring bio­
logical conditions and the man-induced modifications of those 
conditions. For example, the total number of acre-inches of 
water for specific production or growth stage is the summa­
tion of the acre-inches of rainfall and the acre-inches of 
irrigation. The total number of growing degree days for 
the entire production period is the summation of the growing 
degree days between planting and harvesting and the growing 
degree days equivalent of the artificial grain drying practice.^ 
Although the farm operator is unable to alter naturally-
occurring biological conditions, he or she may alter conditions 
of the biological system through man-induced modification. The 
degree of modification depends upon the specific condition. 
The farm operator may insure against hail loss, but he or she 
is unable to physically modify or prevent this biological con­
dition. The operator may, however, physically modify drought 
conditions through irrigation. If the operator has invested 
in an irrigation system, he or she may regulate the acre-
inches of water applied to a crop during a specific growth 
stage. Any quantity below the capacity of the irrigation 
system may be obtained. The optimal quantity depends upon the 
quantity and timing of naturally-occurring rainfall, crop 
output price, and irrigation incut prices-
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It is assumed that farm firms maximize profit subject to 
output and variable input prices and a production technology. 
Because biological growth requires relatively long periods of 
time for maturity, production and modification decisions must 
be made throughout the entire growth period. Many important 
decisions, however, are made at or before the time of planting. 
Such decisions are made on the basis of expected biological 
and economic conditions. If actual biological and economic 
conditions differ from expected conditions, then the farm 
manager may revise expectations and, if possible, alter or 
modify the cultural practices to minimize reductions in 
profit. 
The important role of human capital, especially alloca-
tive and technical abilities, is evident within this frame­
work of agricultural crop production. The farm manager must 
correctly formulate expectations of economic and biological 
conditions; correctly perceive the distribution of current 
prices; quickly adopt and correctly implement appropriate 
production and modification technologies; and carefully 
monitor and, if possible, adjust production if actual economic 
and environmental conditions differ from expected conditions. 
Because of its important role in production efficiency, the 
process of human capital formation is analyzed in the fol­
lowing section. 
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Exman Capital Formation 
Capital may be defined as anything that is produced at a 
cost and yields a useful flow of services over time. Human 
capital is simply capital embodied in people. Special charac­
teristics of human capital differentiate it from nonhuman 
2 
capital. It is useful to distinguish between investment 
activities used to produce human capital, the human capital 
stock, and the service flow emitting from the stock. A con­
ceptual framework for the analysis of human capital formation 
is presented in Figure 2.2.^  
2 The fact that human capital is embodied within an indi­
vidual gives rise to three special characteristics. First, the 
human capital stock is not marketable. In a nonslave economy, 
the service flow of the human capital stock is legally market­
able in the form of labor service, but the stock is not 
generally marketable. Second, the individual must be present 
and bear the working conditions of the production process 
utilizing the human capital services. Finally, human capital 
services are jointly allocated with the time of an individual. 
This implies that human capital characteristics are present 
and influence all human behavior including firm and household 
production as well as household consumption. Firm production 
is the only process considered in this analysis. 
O^ther forms of human capital such as children and rec­
reational skills are not included in the discussion. House­
holds invest time and other resources in the bearing and 
raising of children and the development of skills used in 
hobbies or recreational activities. Services of these forms 
of human capital may either directly enter the utility function 
of the household or may be utilized in household production. 
Investment Activities Used to Produce Human Capital 
1. Pursuing formal and informal education 
2. Training for a specific job 
3. Searching for information 
4. Conditioning and proper dieting for 
good health 
Human Capital Production Parameters 
1. Innate ability 
2. Environmental conditions 
Human Capital Stock 
1. Technical ability 
2. Allocative ability 
3. Health 
Service Flow 
i 
Firm Production 
1. Technical effect 
2. Allocative effect 
Figure 2.2. A conceptual framework for the analysis of human capital 
formation 
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Individuals invest time and other resources in activi­
ties such as formal and informal education, job training, in­
formation search, and physical conditioning to produce certain 
characteristics and abilities that are useful in production. 
Such abilities include both technical and allocative skills. 
The human capital approach postulates that such characteris­
tics and skills are learned, rather than innate. Innate 
ability and environmental conditions are, however, two im­
portant parameters of the functional relationship between 
4 investment activities and the human capital stock. 
The value of the service flow emitting from the human 
capital stock will partly determine the rate of return to 
investment activities used to produce human capital. The 
value of technical and allocative abilities in agricultural 
production depends upon the complexity of the production 
process, the dynamic nature of agricultural markets, and the 
management structure of the firm. Because of dramatic 
technological advances and the biological nature of production, 
numerous and complex production and modification decisions must 
be made by the farm manager. Unlike nonagricultural industries 
T^he production of human capital is time intensive and 
often occurs in the nonmarket sector. The largest share of the 
total cost of human capital investments is usually the oppor­
tunity cost of time of the individuals. 
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in which job complexities are sharply differentiated and pro­
duction decisions are made by groups of management specialists, 
the typical farm manager is solely responsible and financially 
accountable for his or her production and modification deci­
sions. Finally, agricultural markets are economically dy­
namic and farm managers must frequently adjust production. 
In such an industry potential rates of return to activities 
that contribute to the production of human capital are rela­
tively large. 
Models of Production 
Efficiency 
The preceding general discussion of agricultural crop 
production and human capital will serve as a foundation for 
the theoretical models developed in the following sections. 
The adoption of a single technology 
Technical efficiency is analyzed for differential rates 
of adoption and utilization of a single technology. It is 
hypothesized that the decision to adopt and utilize a specific 
production or modification technology is a function of the: 
(1) economic feasibility of the investment, and (2) allocative 
ability of the farm manager. The economic feasibility of a 
technology is measured by traditional investment criteria such 
as the net present value, the internal rate of return, or the 
benefit-cost ratio. The net present value will be used as the 
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measure of the economic feasibility in this model.^  
The net present value of an investment is the difference 
between the sum of discounted net returns and the initial cost 
of the investment. It is mathematically defined as: 
n NR. 
NPV = Z  ^- C , (1) 
i=l (l+r)i ° 
where 
NPV = net present value, 
NR. = net returns in period i (gross returns less 
operating costs), 
r = discount rate (opportunity cost of capital—assumed 
to be constant throughout the life of the in­
vestment) , 
= initial cost of the investment, 
n = length of life of the investment. 
The net present value is a function of: (1) net returns per 
period, (2) the discount rate, (3) the length of life of the 
investment, and (4) the initial cost of the investment. 
The economic feasibility depends on both the profit­
ability and risk of the technology. The profitability of a 
technology is reflected in the net returns per period. These 
may be measured by the increase in expected or mean nec 
returns that results from the adoption of a specific pro­
duction or modification technology. Consideration of risk may 
T^he internal rate of return is the discount rate for 
which the net present value is zero. The benefit-cost ratio 
is the ratio of the sum of discounted benefits to the sum of 
discounted costs. 
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be incorporated into the net present value analysis by adjusting 
the discount rate. Assuming the farm manager is risk averse, 
the discount rate may be increased by a risk factor that 
reflects both the riskiness of the investment and the degree 
of risk aversion of the farm manager.^  Alternative theories 
of decision-making under uncertainty have been proposed, but 
relatively few have been used extensively in empirical appli­
cations . ^ 
An investment is economically feasible if the net present 
value is greater than or equal to zero. If the firm has un­
limited investment funds as well as perfect information on all 
available technologies, then it would adopt those technologies 
for which the net present value is greater than zero. If in­
vestment funds are limited, however, the firm will adopt only 
those technologies with the highest, positive net present 
F^or further discussion see Baumol (1977, pp. 620-621). 
"^ Mean-variance analysis has been applied in several 
empirical studies. Quadratic programming methods have been 
used to solve the utility-maximizing combination of mean and 
variance of net returns. Expected utility theorists criticize 
the approach because of the implicit assumption that either 
preferences depend only upon the mean and variance of the 
net return or ^ e utility function is quadratic. For further 
discussion, see Layard and Walters (1978, pp. 355-373). 
Stochastic dominance has recently received attention in 
the literature. Stochastic dominance is appropriate for dis­
crete choice comparisons- This approach allows the ranking 
of probability distributions for different classes of risk 
averters. It can be determined whether all agents in a class 
of risk averters prefer one cumulative distribution to another, 
or are indifferent. If one cumulative distribution is pre­
ferred to the other, then that distribution is said to domi­
nate the other. First and second degree stochastic dominance 
are distinguished. 
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value. The availability of investment funds depends upon 
different financial characteristics of the firm. A positive 
relationship is hypothesized between the economic feasibility 
of the investment and the rate of adoption and utilization of 
a production or modification technology, other things equal. 
For a new and economically feasible technology the farm 
manager must still be: (1) aware of its existence, (2) able 
to accurately evaluate profitability and risk of the 
technology for the firm's particular production enterprise, 
and (3) able to understand and successfully implement the 
technology within the firm's specific biological environment. 
Firm managers with greater technical and allocative skills 
will be more knowledgeable of the "state of the art," better 
able to determine economic feasibility of different tech­
nologies, and better informed to take quick and decisive 
action than managers with lesser skills. It is hypothesized 
that accumulated investments in education, managerial experi­
ence, information, and health will contribute to the develop­
ment of technical and allocative abilities. Thus, farm 
operators who have completed more years of formal schooling, 
who frequently utilize alternative information sources, who 
possesses greater management experience, and who are physically 
healthier will more quickly adopt and successfully implement 
economically feasible technologies than operators with lesser 
accumulated investments. 
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The relative cost efficiency of farm firms 
Allocative efficiency is analyzed by considering the rela-
g 
tive cost efficiency of farm firms. In formulating this 
model it is assumed that firms produce a single crop, indi­
vidual production decisions have no effect on market prices 
and that farm firms maximize profit subject to an expected 
output price, variable input prices, and a production 
technology. 
Conceptually, relative efficiency comparisons can be 
made by comparing actual cost with the theoretical minimum 
cost of producing a given rate of output. The main difficulty 
is in obtaining theoretical minimum cost. If, however, the 
theoretical cost function was known, then one could proceed 
directly to make relative cost comparisons. Or, if the 
firm is allocatively efficient if it maximizes profit. 
Criteria for profit maximization are given by the first order 
conditions of the constrained profit maximization problem. As 
the survey of literature indicates, different measures of allo­
cative efficiency may be derived from the first-order condi­
tions. Input demand and output supply functions may be de­
rived and values of maximum profit or minimum cost may be 
calculated- Fane and Khaldi use a measure of cost efficiency 
in their analysis of allocative efficiency. A theoretical 
TT^ inipinTn cost is derived from estimates of production function 
parameters and actual input price data. The percentage by 
which actual cost differs from the theoretical minimum cost is 
the measure of allocative efficiency used in their empirical 
analysis. Both Huffman and Petzel use a rate of adjustment 
to a specific factor or product market disequilibrium as a 
measure of allocative efficiency. Additional measures such 
as the ratio of actual to maximum profit or the ratio of 
actual output to profit-maximizing output may be derived from 
the first order conditions of profit maximization. The type 
and quality of data available may dictate the appropriate 
measure to use in empirical applications. 
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parameters of the theoretical production function were known, 
then a theoretical minimum cost function could be derived. 
For example, consider a production function of the following 
Cobb-Douglas form: 
Y = quantity of output, 
A = constant or shift parameter, 
B = conditions of the biological system, 
T = technologies of the production and modification 
practices, 
= quantity of variable input i, 
= partial output elasticity for variable input i, 
£ = random disturbance. 
The shift parameter (A) can be treated as a function of firm-
specific environment (B) and technological (T) variables to 
allow for interfirm differences in environmental and tech­
nical conditions. 
Relative efficiency can now be defined. For the above 
Cobb-Douglas specification, the theoretical minimum cost of 
producing a given rate of output (Y) is: 
p 
Y = A{B,T) ? X. -^ e^  
i=l 1 
( 2 )  
where 
C* = k( 
A(B,T)e^  
f (3) 
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where 
C* = a theoretical minimum cost of producing output 
rate Y, 
n 
k = Z a., 
i=l ^  
rj^  = price of variable input X^ . 
The actual cost is: 
n 
C= I r.X., (4) 
i=l  ^^  
where 
C = actual cost of producing output rate Y. 
Relative cost efficiency can be defined as the percentage 
by which the actual cost differs from theoretical minimum 
cost: 
RCE = (§* - 1)100, 
where 
RCE = measure of relative cost efficiency. 
If actual cost equals theoretical minimum cost, then SEC 
equals zero. If actual cost is larger than the theoretical 
minimum, REC is positive. 
In this study, as in the studies by Fane (1975) and 
Khaldi (1975), the hypothesis is that differential cost 
efficiency is a function of humein capital and other economic 
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variables. The farm manager must correctly formulate expec­
tations of future prices, correctly perceive the distribution 
of current prices, and adopt and properly implement production 
and modification technologies. This requires careful moni­
toring of both economic and environmental conditions during 
the production or growth process. Thus, the hypothesis is 
that accumulated investments in education, management, 
experience, information, and health will contribute to the 
development of technical and allocative skills, and that 
firms with farm managers who have completed more years of 
formal schooling, who more frequently utilize alternative 
information sources, who possess greater management experience, 
and who are physically healthier will be more cost efficient 
than firms with farm managers with lesser accumulated in­
vestments. Also, because large firms have greater absolute 
incentives to minimize cost, the h^ p^othesis is that firms 
with larger production enterprises will be more cost efficient 
than firms with smaller production enterprises. 
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CHAPTER III. THE DATA SET AND EMPIRICAL 
MEASURES OF VARIABLES 
The data set and all variables used in the empirical 
specifications of the models are described in this chapter. 
Data are needed for: (1) the empirical analysis of reduced 
tillage practices, and (2) the two step process of fitting 
a corn production function and explaining relative cost 
efficiency. The data set is described in the first section of 
this chapter. Empirical definitions and descriptive statistics 
of variables are presented in the second section. 
The Data Set 
The data set used in the empirical analysis is the 1976 
Iowa Family Farm Survey. The survey, one component of the 
Iowa Family Farm Research Project, was sponsored by the Iowa 
State University Experiment Station and was designed and 
directed by the Statistical Laboratory of Iowa State Uni­
versity. The survey was undertaken to provide extensive in­
formation on the characteristics of Iowa farms and farm 
families so that teaching, research, and extension needs 
could be accurately assessed. The cross-sectional survey of 
933 Iowa farm families was conducted in 1977. Extensive in­
formation was collected about the characteristics of farm 
businesses and households for 1976. Each questionnaire was 
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administered by an interviewer of the Statistical Laboratory. 
The population was defined as all farms with gross sales 
of agricultural products greater than or equal to $2,500^ . 
Iowa counties were grouped into 12 strata corresponding to the 
12 state extension areas. A sampling rate of nearly 1 in 110 
was applied across all strata to obtain a desired sample size 
of approximately 1,000. 
The questionnaire was divided into two parts. The first 
part pertained to the farm household and the second pertained 
to the fcirm business. The farm operator was defined as the 
primary decision-maker or manager of the firro and was identi­
fied by a separate screening process. If more than one 
decision-maker was identified initially, the number of days 
worked on the farm was the criterion used to determine the 
farm operator. Persons residing in the household and 
operating a separate farm business were identified and in­
formation relating to these operations was collected also. 
The operator responded to the farm business section of the 
questionnaire and the spouse of this individual, if one was 
present, responded to the household section. 
The sample for this empirical analysis is limited to 
farm firms in the Iowa Family Farm Survey that produce corn. 
This limitation reduced the number of firms in the project 
T^his is consistent with the definition of a commercial 
farm used in the 1974 Census of Agriculture. 
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sample from 933 to 877. Missing information further reduced 
the size of the project sample used in the analyses of tech­
nical and allocative efficiency. 
Empirical Definitions and Descriptive 
Statistics 
Variables are divided into four groups for purposes 
of description. The first group includes measures of human 
capital of the farm manager. These variables are included in 
the empirical specifications of both the models explaining 
differential rates of adoption and utilization of reduced 
tillage practices and the model explaining relative cost 
efficiency. The second group consists of nonhuman capital 
variables that are included in the analyses of reduced 
tillage practices. The third group consists of variables used 
to estimate parameters of the com production function. A 
measure of relative cost efficiency is derived from these 
estimates and variable input prices. The fourth group con­
sists of nonhuman capital variables included in the empirical 
specification of the model of relative cost efficiency. The 
2 Survey results indicate that the typical Iowa farm is 
multi-product. Of the total number of farms surveyed, 97 
percent produced some type "of crop. In particular, 94 per­
cent of all farms surveyed produced corn and 68 percent 
produced soybeans. Of the total farms surveyed, 87 percent 
produced some type of livestock and poultry. In particular, 
62 percent of all farms surveyed produced cattle and swine. 
Nearly 85 percent of the farms surveyed produced a combina­
tion of crops and livestock. For further descriptions of 
farms in the sample, see Hoiberg and Huffman (1978). 
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empirical definitions and descriptive statistics for each 
group of variables are presented in the following sections. 
Human capital 
Human capital of the farm manager is measured by accumu­
lated investments in education, managerial experience, infor­
mation, and health. Empirical definitions of the human capi­
tal variables are presented in Table 3.1 and descriptive 
statistics of quantitative variables are presented in Table 
3.9. Accumulated investments in education and managerial 
experience are measured quantitatively. The measure of 
education (EDUCATION) is the number of years of formal 
schooling completed by the farm manager. This includes years 
of elementary, secondary, and college education. Respondents 
were asked to state the highest grade completed.^  In this 
sample the number ranged from 6 to 18 years. The mean was 
11.3 years. The measure of experience (EXPERIENCE) is the 
number of years since the operator first began independently 
managing a farm firm. Respondents were asked to state the 
year in which they began "farming on their own." This 
value was subtracted from 1977 to derive the years of farm 
Y^ears of vocational education and trade school are not 
included in this measure. 
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Table 3.1. Empirical definitions of human capital variables 
Variable name Empirical definition 
EDUCATION 
EXPERIENCE 
INFORMATION 
iM-ISF 
PC-ISF 
GP-ISF 
M-PMS 
PC-PMS 
M-AES 
PC-AES 
GP-AES 
GP-PEI 
Secondary 
Years of formal schooling completed by the 
farm manager 
Years since operator first began indepen­
dently managing a farm firm 
Frequency of using media sources published 
or produced by input supply firms 
Frequency of privately consulting with 
input supply firms 
Frequency of attending group programs 
sponsored and conducted by input supply 
firms 
Frequency of using media sources published 
or produced by private farm management 
services 
Frequency of privately consulting with 
professional firm management specialists 
Frequency of using media sources published 
or produced by the agricultural extension 
service 
Frequency of privately consulting with 
agricultural extension personnel 
Frequency of attending group programs 
sponsored and conducted by the agricultural 
extension service 
Frequency of attending agricultural re­
fresher or short courses offered by 
public educational institutes 
Frequency of exchanging information with 
other farmers and relatives 
HEALTH Health rating of the farm manager 
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management experience.^  In this sample the number ranged 
from 1 to 65 years. The mean was 22.9 years. 
Investments in information and health are measured 
qualitatively. Farm majaagers indicated their frequency of 
use of 18 different information sources.^  Classifications 
for frequency of use included: 1) never, 2) seldom, 3) 
sometimes, and 4) frequently- Criteria were not established 
for determining the frequency of use. Of the IS information 
sources, 16 are considered primary information and two are 
considered secondary information.^  For purposes of this 
4 
A farm manager may have quit farming and then re-entered 
at a later date. The variable is not an accurate measure of 
management experience for such cases. It should be noted that 
the variable is the number of years managing a farm operation 
and not necessarily the years managing the current operation. 
T^he 18 information sources listed are: (1) general farm 
magazines such as Wallaces' Farmer, Farm Journal, and Success-
ful Farming; (2) magazines, pamphlets, and brochures or input 
supply firms; (3) university extension bulletins and news­
letters; (4) publications of private farm management services 
such as Doanes; (5) specific farm magazines such as CroPS and 
Soils, Feed Stuffs, and Hocr Farm Management; (6) Drovers Jour­
nal; (7) newspapers; (8) television farm programs; (9) radio 
farm programs; (10) consulting with personnel of input supply 
firms or coops; (11) consulting with county, area, and state 
extension personnel; (12) consulting with other farmers; (13) 
consulting with relatives; (14) consulting with veterinarians, 
bankers, and professional farm managers; (15) consulting with 
the local vocational agriculture teacher; (16) attending group 
programs sponsored by the extension service ; (17) attending 
group programs sponsored by input supply firms ; and (18j 
attending college classes or agricultural night school. 
I^nformation collected by talking or consulting with 
other farmers and relatives are considered to be secondary. 
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analysis, the 16 different sources of primary information are 
classified by type and origin of supply. Three types of in­
formation sources are identified. They include media sources 
(M), private consultation (PC), and organized group programs 
(GP). Media sources consist of newspapers, farm magazines, 
pamphlets, brochures, and other publications as well as radio 
and television farm programs. Private consultation is personal 
communication with qualified individuals about specific farm 
management problems. Organized group programs are meetings, 
field days, demonstrations, and short courses that are 
sponsored, organized, and conducted by the information 
supplier. The basic characteristic of this type of informa­
tion is that it is organized and formally presented by the 
supplier-
The information sources are also classified by three 
different origins of supply. Two private sources are con­
sidered in the analysis. Private sources include input sup­
ply firms (ISF) and farm management consulting firms (PMS). 
Input supply firms or co-ops disseminate information to farm 
managers through media sources such as radio and television 
advertising, promotional pamphlets and brochures, and dealer 
magazines; through sales persons and field representatives; 
and through organized demonstrations and exhibits. Private 
farm management consulting firms sell production, marketing. 
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accounting, and tax information directly to farm managers. 
This source may publish newsletters and special reports, pro­
vide personal consultation for specific farm problems, and 
organize and conduct seminars and short courses on specific 
topics for their clients. 
Public sources of information include the agricultural 
extension service (AES) and public educational institutes 
(PEI). The agricultural extension service assembles, 
organizes, interprets, and disseminates information to farm 
managers through various media sources, private consultation, 
and organized group programs. Public-supported educational 
institutes may offer special agricultural courses often at 
night or in winter months for farm managers. The 16 sourses 
of primary information are classified into 9 categories cor­
responding to the combinations of type of information and 
origin of supply. 
Secondary sources of information are also identified. 
Once a farm operator obtains information, he or she may pass 
it along to other operators. The local dispersion network is 
an additional source of information. The dispersion network 
may involve formal or informal gatherings at the local ele­
vator, coffee shops, taverns, and churches. The number of 
information contacts, frequency of use, and the accuracy 
and completeness of information are important characteristics 
of the network. Two secondary sources included in the survey 
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are talking or consulting with other farmers and relatives. 
Farm managers were asked their frequency of use of the 
18 different sources in obtaining information on: 1) market 
conditions, 2) the existence of new products or procedures, and 
3) the use of new products and procedures. The number of 
farms by frequency of use for obtaining information on the 
existence of new products and procedures is presented in 
Table 3.2. The number of farms by frequency of use for 
obtaining information on market conditions is presented in 
Table 3.3. The frequency of use for obtaining information on 
the existence of new products and procedures is used in the 
analysis of differential rates of adoption of reduced tillage 
practices and the frequency of use for obtaining market in­
formation is used in the analysis of differential cost 
efficiency. Data indicate that farm operators utilize dif­
ferent sources of information for making different types of 
production decisions. 
The final measure of human capital is a health rating of 
the farm manager. The spouse of the farm manager rated the 
physical condition of the operator. The health ratings in­
cluded: 1) excellent, 2) good, 3) fair, and 4) poor. Cri­
teria were not established for determining the health rating. 
A frequency distribution of health ratings of farm managers 
is presented in Table 3.4. 
Potentially serious problems may exist with the 
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Table 3.2. The number of farms by frequency of use of information 
sources; the existence and use of new products and 
procedures 
Source of Frequency of Ose 
information Never Seldom Sometimes Frequently TOTAL 
Input supply firms 
1. Media 
Newspapers 364 178 217 167 926 
Radio programs 331 174 233 188 926 
TV programs 378 140 241 167 926 
General farm magazines 133 78 314 400 925 
Specific farm magazines 560 77 185 106 928 
Decilers * magazines 382 83 267 192 924 
Drovers Journal 865 16 27 20 928 
2. Private consultation 160 70 310 387 927 
3. Public programs 316 99 316 196 927 
Private management 
services 
1. Media 765 51 64 48 928 
2. Private consultation 405 144 249 127 925 
Public education and 
extension 
1. Media 471 112 232 111 926 
2. Private consultation 
Extension 512 134 215 65 927 
Vocational agriculture 790 65 58 15 928 
3. Public programs 
Extension 522 120 217 68 927 
Education 303 29 64 31 927 
Other secondary sources 
1. Other farmers 235 96 383 212 926 
2. Relatives 485 110 228 103 926 
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Table 3.3. The number of farms by frequency of use of information sources: 
market conditions 
Source of Frequency of Use 
information Never Seldom Sometimes Frequently TOTAL 
Input suonly firms 
Media 
Newspapers 210 96 241 379 926 
Radio programs 122 41 188 575 926 
TV programs 273 87 228 333 926 
General farm magazines 219 126 239 291 925 
Specific farm magazines 591 37 158 92 928 
Dealers* magaizines 563 127 144 91 925 
Drovers Journal 851 11 34 32 923 
Private consultation 126 46 234 471 927 
Public programs 450 99 231 146 926 
Private management services 
Media 593 50 71 114 923 
Private consultation 414 123 264 119 925 
Public education and extension 
Media 504 120 199 103 926 
Private consultation 
Extension 534 157 143 38 927 
Vocational agriculture 807 61 50 10 928 
Public programs 
Extension 610 111 153 47 926 
Public education 814 26 51 36 927 
Secondary sources 
Other farmers 
Relatives 
241 
469 
109 
109 
355 
224 
221 
124 
926 
926 
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Table 3.4. Number of farm operators by health ratings 
Health rating 
Excellent 464 
Good 370 
Fair 87 
Poor 10 
TOTAL 931 
qualitative variables of information and health. Problems 
may exist for two reasons. First, no classification cri­
teria were established for either the frequency of use of 
information or the physical condition of the firm manager. 
Perception of frequent use or excellent health may differ 
widely among farm managers and spouses. Second, farm 
managers were asked to recall frequency of use for a rela­
tively large number (18) of sources and for three different 
types of management decisions. Such detailed questions may 
be subject to greater than normal reporting error. As a 
result, the qualitative variables for information and health 
should be viewed critically. 
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Differential rates of adopting reduced tillage practices 
Nonhuman capital variables included in the empirical 
specification of the adoption and utilization models are 
described in this section. Empirical definitions of these 
variables are presented in Table 3.5 and descriptive 
statistics of quantitative variables are presented in Table 
3.9. 
Reduced tillage variables Two reduced tillage vari­
ables are considered in this study. The first variable (RTD) 
is a binary variable for the use or nonuse of a reduced 
tillage practice. The second variable (RT) is the percen­
tage of total com acres on which the reduced tillage practice 
was utilized. Farm managers did not identify the particular 
type of reduced tillage practice used in their corn enter­
prise. Operators specified only the number of 1976 corn 
acres on which a moldboard plow (full tillage) was used 
to prepare the seedbed. It is assumed that some type of 
reduced tillage practice was used on all other corn acres. 
The degree of reduction in soil tillage may vary from a 
slightly reduced tillage practice such as chisel plowing to a 
no-till practice in which herbicides are used to kill weeds and 
vegetation. 
Of the 870 firms responding, 506 (58 percent) reported 
using a reduced tillage practice in their corn production 
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Table 3.5. Empirical definitions of nonhuman capital variables 
used in the analysis of differential rates of 
adoption 
Variable name Empirical definition 
Reduced tillage variables 
RTD 
RT 
Binary variable for the adoption or 
nonadoption of a reduced tillage 
practice 
Percentage of corn acres on which a 
reduced tillage technology was 
used 
Profitabilitv variables 
ACRES 
SOYBEANS 
MEADOW 
PASTURE 
MANURE 
TENURE 
Acres of corn planted in 1976 
Ratio of soybeans to corn acres 
Ratio of meadow to corn acres 
Ratio of permanent pasture to total 
acres 
Pounds of nitrogen from animal 
manures 
Ratio of acres owned to acres 
operated 
enterprise. A frequency distribution of the rate of utiliza­
tion is presented in Table 3.6. The rate of utilization 
varies from 0 to 100 percent, but the frequency distribution 
is bi-modal. A large number of firms (364 or 42 percent) 
use no reduced tillage practice on their corn acres and a 
large number of firms (209 or 24 percent) use a reduced 
tillage practice on all of their corn acres. The remaining 
firms (297 or 34 percent) use a reduced tillage practice on 
some, but not all, of their corn acres. 
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Table 3.6. Number of farms by rate of utilizing a reduced 
tillage practice 
Percentage of Number of 
corn acres farms 
0 364 
1-10 6 
11-20 28 
21-30 21 
31-40 33 
41-50 55 
51-60 32 
61-70 36 
71-80 42 
81-90 29 
91-99 15 
100 209 
TOTAL 870 
Profitability variables Alternative variables are 
defined to measure the profitability of adopting a reduced 
tillage practice. The profitability of the investment de­
pends upon the scale of operation and the per acre 
profitability. The number of corn acres (ACRES) is used 
for measuring the scale of the corn enterprise. In this 
sample the number ranged from 5 to 1877 acres. The mean 
was 135.3 acres. 
Several variables are defined for identifying the per 
acre profitability of a reduced tillage practice. The first 
group of such variables measures characteristics of the 
cropping system of the farm firm. Variables are: (1) the 
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ratio of soybeans to corn acres (SOYBEANS), (2) the ratio of 
meadow to corn acres (MEADOW), and (3) the ratio of perma­
nent pasture to total acres (PASTURE). Farm operators 
specified the number of acres of land utilized in each crop 
production enterprise. In this survey the ratio of soybean 
to corn acres ranged from 0 to 5.4. The mean was .48. The 
number of meadow acres is defined as one-half of the hay 
and oats acres. Because many cropping systems involve a 
corn-oat-hay rotation pattern, one-half of the oat and hay 
acres would be prepared for corn in the following crop year. 
In the survey the ratio of meadow to corn acres ranged 
from 0 to 5.0. The mean was .25. The ratio of permanent 
pasture to total farm acres is included as a firm specific 
variable for soil type and quality. In this sample the 
ratio ranged from 0 to 1. The mean was .15. 
Other variables used for identifying per acre profit­
ability include: (1) soil type, (2) the land tenure charac­
teristics (TENURE), and (3) quantity of manure nitrogen used 
in com production (MANURE). The State of Iowa is classified 
into 21 geographical areas where major soil groups occur. 
The soil association classification is based upon parent 
material (loess, glacial till, and alluvium) and topology. 
These characteristics determine a soil's natural fertility, 
drainage characteristics, and erosion susceptibility. Dummy 
variables for soil association are included in the analysis. 
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The ratio of acres owned and operated to total acres operated 
is used as a measure of the land tenure characteristics. In 
this sample, the ratio ranged from 0 to 1 with a mean of 
.42. A potential quantity of manure nitrogen was calculated 
from livestock enterprise data reported by farm operators 
and other biological and chemical data. A detailed descrip­
tion of these calculations is presented in Appendix 3. The 
calculated potential quantity ranged from 0 to 142.1 with a 
mean of 14.2 pounds per acre. 
Relative cost efficiency 
Nonhuman capital variables included in the empirical 
specification of the model of relative cost efficiency are 
described in this section. Two sets of variables are dis­
tinguished. The first set is used for estimating parameters 
of the com production function and the second is used for 
analyzing differential cost efficiency. 
The corn production function The empirical defini­
tion of variables used for estimating the corn production 
function are presented in Table 3.7 and descriptive statistics 
of quantitative variables are presented in Table 3.9. The 
dependent variable of the production function is the 1976 
com yield (YIELD). Reported yields ranged from 8 to 164 
bushels per acre. The mean yield was 91.6 bushels per acre. 
Only 29 farm firms reported yields of less than 40 bushels 
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Table 3.7. Empirical definition of variables used in the 
estimation of the corn production function 
Variable name Empirical definition 
Dependent variable 
YIELD 
Independent variables 
Variable incuts 
CNSR 
N 
NADJ 
HERBICIDE 
Environmental conditions 
JNRF 
JRF 
ABF 
MSI 
SEASON 
CALP 
Technological variables 
RCPSD 
COMD 
DRYD 
CIRRD 
1976 corn yield (bushels/acre) 
Com seeding rate (kernels/acre) 
Commercial nitrogen application 
rate (lbs./acre) 
Adjusted nitrogen application 
rate (lbs./acre) 
Herbicide application rate 
($/acre) 
June rainfall (inches) 
July rainfall (inches) 
August rainfall (inches) 
Moisture stress index 
Growing degree days 
County average land price 
($100/acre) 
Binary variable that is equal to 
1 if the size of the row crop 
planter is greater than 4 rows 
Binary variable that is equal to 
1 if the firm owns a combine 
and com head 
Binary variable that is equal to 
1 if the firm owns a corn drying 
system 
Binary variable that is equal to 
1 if the firm uses a crop 
irrigation system 
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per acre. Three farms reported yields greater than 150 
bushels per acre. The frequency distribution of corn yield 
is presented in Table 3.8. 
Table 3.8. Number of farms by corn yield 
Com yield 
(bushels/acre) 
Number of 
farms 
< 25 7 
25- 50 66 
51- 75 167 
76-100 334 
101-125 228 
126-150 65 
>150 3 
TOTAL 870 
The production function contains three classes of pre­
determined variables: (1) variable production inputs, (2) 
environmental variables, and (3) indicators of production 
technology. Variable production inputs include the corn 
seeding rate (CNSR), the nitrogen application rate (N or 
NADJ), and the herbicide application rate (HERBICIDE). The 
com seeding rate is the number of kernels planted per acre. 
The actual number of plants that emerge and survive to 
produce grain depends upon the rate of germination and the 
percentage of plants lost from pests, cultivation, storms, 
and other such factors. In this sample, reported seeding 
rates ranged from 14,000 to 90,000 kernels per acre. The 
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mean was 21,714 kernels and both the median and mode were 
22.000 kernels. Only three firms reported corn seeding 
rates greater than 30,000 kernels, but reporting error is 
highly probable for such values. 
Two measures of nitrogen fertilizer are derived. The 
first measure (N) is the reported pounds of commercial 
nitrogen applied per acre. The second measure (NADJ) is 
the commercial nitrogen value adjusted for an estimate of the 
nitrogen content of livestock manures and the fixed nitrogen 
resulting from corn-soybean crop rotations. A detailed 
description of calculations of the adjusted nitrogen value is 
presented in Appendix B. Commercial nitrogen application 
rates ranged from 0 to 321 pounds per acre. The mean was 
83.1 pounds. The value of the adjusted nitrogen application 
rate also ranged from 0 to 321 pounds per acre, but the mean 
was increased by over 30 pounds from 83.1 to 113.6 pounds 
per acre. 
The herbicide application rate is measured in terms of 
dollars spent per acre on herbicides. Farm managers reported 
values ranging from $0 to $51 per acre. The mean was $8.26 
per acre. Only 19 managers reported values greater than $25 
per acre, but these observations should be viewed skeptically 
and are likely subject to reporting error. 
Six variables are included in the specification to 
measure environmental conditions. June, July, and August 
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rainfall amounts are available from the weather bureau 
station nearest each sample farm.^  Descriptive statistics 
for monthly rainfall amounts are presented in Table 3.9. A 
moisture stress index (MSI) is included to measure accumulated 
g 
daily stress from deficient water supplies. Soil moisture 
and atmospheric demand are the two variables that determine 
moisture stress. Monthly rainfall amounts are neither com­
pletely accurate indicators of soil moisture nor directly 
related to atmospheric demand. The calculation of the mois­
ture stress index and its relationship to monthly rainfall 
amounts are analyzed in Appendix C. A moisture stress index 
is calculated at 47 experiment farms throughout Iowa by the 
departments of climatology and agronomy of Iowa State Uni­
versity. These sites are used to construct an iso-stress 
map. The index for a specific farm is determined by linearly 
interpolating between isostress lines, given the farm's loca­
tion. In 1976 the moisture stress index ranged from 9 in 
East-Central Iowa to 74 in West-Central Iowa. Values used 
in the analysis are coded in intervals of five units and 
values ranged from 1 (<10) to 14 (>70). 
The number of growing degree days (SEASON) is the accumu­
lation of heat units from a temperature range that is 
There exist approximately 200 weather bureau stations 
that record rainfall amounts throughout Iowa. Thus, rather 
detailed ecologically-defined areas are delineated for 
precipitation amounts. 
Bpor further discussion see Shaw (1974, pp. 102-114). 
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Table 3.9. Descriptive statistics of quantitative survey 
variables 
Variable name Mean Standard deviation Minimum Maximum 
Human capital variables 
EDUCATION 11.3 2.2 
EXPERIENCE 22.9 13.0 
6 
1 
18 
65 
Adoption variables 
RT 42.2 42.2 
ACRES 135.8 136.5 
SOYBEANS .48 .52 
MEADOW .25 .41 
PASTURE .15 .21 
MANURE 14.2 15.6 
TENURE .42 .41 
0 
5 
0 
0 
0 
0 
0 
100 
1877 
5.40 
5.04 
1.0 
142.1 
1 
Cost variables -
oroduction function 
YIELD 91.6 27.1 8 164 
CNSR 21,714 3 ,723 14,000 90 ,000 
N 83.1 50.9 0 321 
NADJ 113.6 61.3 0 321 
HERBICIDE 8.3 6.3 0 51.0 
JNRF 3.16 1.27 .7 6.9 
JRF 2.46 1.37 .5 6.9 
ARF 1.52 .91 .3 4.2 
MSI 5.87 2.87 1.0 14.0 
SEASON 3.02 1.49 1.0 6.0 
CALP 14.06 3.81 5.44 22.31 
Cost variables -
differential efficiency 
RCE 38.0 50.0 -73.6 326.7 
NYIELD 107.3 16,5 55.0 178.0 
NJNRF 5.1 .24 4.8 5.6 
NJRF 3.9 .23 3.6 4.2 
NARF 3.6 .23 3.2 4.2 
NMSI 2.75 1.24 1.0 6.0 
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favorable for corn growth. It is a measure of the quality 
and length of the growing season. Growing degree days are 
accumulated between the dates for which the probability of 
freezing temperatures is .50. The number of growing degree 
days between March 1, 1976 and September 11, 1976 is used in 
this analysis. Total growing degree days ranged from 
approximately 2200 in northwestern Iowa to approximately 
3,200 in southwestern Iowa. The number of growing degree 
days for a specific farm was determined by interpolation from 
an iso-day map. Values are coded in increments of 100, be­
ginning with values less than 2,800 and ranging to values 
greater than 3,200. For this study the growing degree days 
are recorded as 1 (<2,800) through 6 (>3,200). 
The county average land price (CALP) is included in the 
specification as a measure of general soil quality. Although 
other variables may influence average county land prices, 
price is a good indicator of relative agricultural pro­
ductivity. Average Iowa county land prices ranged from $544 
per acre to $2,231 per acre in 1976. The mean was $1,406 
9 per acre. 
Environmental variables are not firm-specific. Environ­
mental conditions of the county, soil association district, 
weather bureau district, nearest weather bureau recording 
station, and other ecologically-defined areas are used as 
g 
For further discussion see Harris, Lord and Groves (1978). 
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measures of the conditions of a particular farm firm. If 
environment conditions vary significantly within an eco­
logically-defined area, then these variables may be subject 
to measurement error. However, careful and detailed de­
lineation of such areas by climatologists and agronomists 
have minimized but not eliminated the problem. 
Five variables are included in the specification to 
identify the type of corn production technology utilized 
by the farm firm. The first variable is an indicator of 
the type of corn tillage practice. Two different variables 
are used in the specification. The first (RTD) is a binary 
variable for the use or nonuse of a reduced tillage practice. 
The second (RT) is the percentage of corn acres on which the 
practice was used. Both of these variables have been 
described previously in the section on adoption variables. 
The second variable (RCPSD) is an indicator of the 
type of planting technolgoy used by the firm. It is a binary 
variable for the size of the row crop planter. The variable 
is equal to one if the row size is greater than four and 
zero if the row size is less than or equal to four. Of the 
835 managers reporting row crop planter size, 169 (20%) used 
planters with row size greater than four. Thirty-nine managers 
reported using a two-row planter. 
The third variable (COMD) is an indicator of the type 
of harvesting technology utilized by the firm. A distinction 
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is made between ear-corn and shelled-corn harvesting systems. 
The variable is equal to one if the farm manager reported 
owning a combine and corn head. The variable is zero if 
the manager reported not owning either a combine or a corn 
head for a combine. Of the 927 managers reporting, 432 
(47%) reported owning both a combine and corn head. 
The fourth technology variable (DRYD) is an indicator 
of the type of corn drying and storage technology utilized 
by the firm. The variable is equal to one if the farm 
manager reported owning a corn drying system. Operators 
reported the capacity of the drying system (batch or bin), 
but they did not report the actual number of bushels dried 
in 1976. Of the 891 managers responding, 294 (33%) reported 
. . _ 10 
owning a com drying system. 
The fifth variable (CIRRD) is an indicator of the type 
of modification technology utilized by the firm. It is a 
binary variable for the use or nonuse of a crop irrigation 
system. No data on water application rates were obtained 
from farm managers. Only five of the 900 farm operators 
responding to the question reported the use of an irrigation 
system. 
^^ Capacity of the systems ranged from 20 to 60,000 
bushels. The average capacity was approximately 3,000 
bushels. 
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Differential cost efficiency variables Two sets of 
variables are distinguished for analyzing cost efficiency. 
The first set of variables is used for calculating a theo­
retical minimum cost and the second is the set used for 
analyzing differential cost efficiency. The second set in­
cludes the human capital and scale variables that have been 
described previously. 
The variables used for calculating the measure of rela­
tive cost efficiency are described in this section. The 
measure of relative cost efficiency (RCE) is derived from a 
theoretical minimum cost and the actual variable cost of the 
farm firm- It is the percentage by which the actual variable 
cost differs from a theoretical minimum cost. The actual cost 
is calculated directly from variable input data of the firm 
and variable input prices. In this analysis, the production 
function is estimated using actual rates of output and vari­
able inputs and actual environmental conditions. A theoretical 
minimum cost of producing the expected rate of output for normal 
environmental conditions is derived by using the estimated 
parameters of the production function and variable input price 
data. Average state prices as reported by the U.S. Department 
of Agriculture (1977) are used in the cost calculations. 
Farm managers specified normal or expected corn yields 
(NYIELD). Reported values ranged from 55 to 178 bushels 
per acre. The mean of 107.3 bushels is 15.7 bushels greater 
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than the mean of actual yields. 
Normal monthly rainfall was calculated for each of the 
nine weather bureau districts in Iowa using bureau data from 
1941 through 1970. Normal June rainfall (NJNRF) ranged from 
4.8 to 5.6 inches with a mean of 5.1 inches for the nine 
districts. Normal July rainfall (NJRF) ranged from 3.6 to 
4.2 inches with a mean of 3.9 inches and normal August rain­
fall (NARF) ranged from 3.2 to 4.2 inches with a mean of 
3.6 inches. 
The average moisture stress indices (NMSI) were calcu­
lated for the 45 Experiment Farms throughout the state using 
data from 1956 through 1978. Average moisture stress indices 
ranged from 3 on southeastern Farms to 35 on extreme north­
western Farms. The normal moisture indices were coded in 
increments of five units beginning with one (<10) and ranging 
to six (30-35). The normal moisture stress index for a 
specific farm was determined by the same procedure used 
for the actual index. 
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CHAPTER IV. THE ADOPTION AND RATE OF UTILIZATION OF 
REDUCED TILLAGE PRACTICES BY IOWA FARM FIRMS 
The empirical specification and estimation of regression 
models for analyzing the adoption and rate of utilization 
of reduced tillage practices in com production are pre­
sented in this chapter. Two regression models, an adoption 
model and a utilization model, are specified. They are 
identical^  except for the dependent variable. In the adop­
tion model, a binary variable for the use or nonuse of a 
reduced tillage practice is the dependent variable. In the 
utilization model, the percentage of com acres on which 
the practice was used is the dependent variable. The dependent 
variable of both models is limited in the sense that it is not 
measurable over the entire real line. As a result, two dif­
ferent estimation procedures are applied to each model. 
The adoption and rate of utilization of a reduced 
tillage practice are not independent decisions. The same 
variables that determine the adoption of the technology also 
determine the rate of utilization. This analysis differs 
from those in which the binary decision (buy or not buy) is 
independent of the continuous expenditure or utilization 
variable. For example, factors such as mobility, health, 
and preference may influence the decision to buy or rent a 
house, but different variables such as prices, income and 
location may influence the expenditure on housing services. 
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The Empirical Specifications 
2 Reduced tillage systems retain crop residues on the 
soil surface. Moldboard plow or full tillage systems "turn 
over" the soil exposing fragile subsoil and burying crop 
residues. Reduced tillage systems have the potential to 
decrease soil loss and conserve moisture by increasing 
infiltration and decreasing evaporation. Such technologies 
may significantly reduce direct fuel requirements as well 
as machinery and field time, especially at critical planting 
and harvesting periods. Results from a 1976 survey of Iowa 
farm managers who had adopted reduced tillage systems indi­
cated that 52% of the farm operators had adopted the technology 
to reduce soil loss while 24% of the farm operators had adopted 
the technology to decrease field time requirements at critical 
2 Tillage systems may be grouped into four arbitrary 
categories. Full or conventional tillage systems are charac­
terized by the use of the moldboard plow. This plow "turns 
over" the soil and buries plant residue. The second category 
is termed moderately-reduced tillage systems. These systems 
are characterized by the use of a chisel plow, offset disk, 
or field cultivator. These technologies do not "turn over" 
the soil but rather level, dig, and "stir up" the soil. The 
third category is termed till-plant systems. These systems 
are characterized by the use of a planter that tills only the 
soil in the row, leaving the soil between the rows untilled. 
The fourth category is termed no-till systems. Com is 
"drilled" with a planter equipped with rolling coulters that 
allow the seeds to be embedded within the soil. The amount 
of tillage reduction varies significantly with the type of 
tillage technology. The last three categories are considered 
reduced tillage systems. 
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periods.^  
Although the decision to use or not use a reduced till­
age practice is an either-or type of decision, the degree 
of utilization may differ significantly among farms. For 
example, practices that slightly reduce the amount of 
tillage may he physically feasible, and thus profitable, on 
specific soil types and for specific cropping systems. The 
chisel plow, offset disk, or field cultivator may be used 
on harvested soybean acres to prepare a corn seedbed for the 
following crop year. The cropping pattern, measured by the 
ratio of soybean to corn acres, may be an important variable 
in determining the degree of utilization of such technologies. 
In addition, no major capital investment is required to 
utilize such a production practice. For no-till technologies, 
physical variables may not matter and the technology, if 
adopted, is used on all of the com acres. Data indicate 
that slightly reduced tillage practices are used on a sig­
nificantly greater number of acres than till-plant or no-
d 
till technologies.' 
U^.S. Department of Agriculture, Iowa Crop and Livestock 
Reporting Service (1976, p. 15). 
l^owa farm operators used reduced tillage practices on ap­
proximately 9.1 of 24.9 million crop acres in 1977. Chisel 
plows, offset disks, and field cultivators were used on 8.7 of 
the 9.1 million reduced-tillage acres. For further analysis 
and discussion see Donald C. Erbach, Walter G. Lovely, and 
George E. Ayres (1980). 
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The hypothesis is that the adoption and rate of utiliza­
tion of a reduced tillage practice are functions of human 
capital and other economic variables. The empirical specifi­
cations are: 
TE = ag + a^ ACRES + a^ ACRESQ + a^ KERBICIDE + a^ YIELD 
+ agSOYBEANS + agSOYBEANSQ + a^ MEADOW + agMEADOWSQ 
-r agPASTURE 4- a^ gMANURE + a^ S^OIL + a^ 22EAS0N 
+ g TENURE + a^ E^DUCATION + a^ -EXPERIENCE 
+ a^ gM-IS? + a^ yPC-ISF + a^ gGP-ISF + a^ gM-PÎ4S 
+ aggPC-PMS 4- a22M-AES 4- a22?C-AES + a23G?-AES 
+ a^ G^P-PEI + a2gSEC0NDARY + a2gKEALTH, 
where 
TE = measure of technical efficiency: either the 
adoption (RTD) or rate of utilization (RT) of a 
reduced tillage practice. 
All variables are defined in Chapter III^ . 
Independent variables included in the empirical specifi­
cation are measures for human capital of the farm operator 
and proxy measures for the economic feasibility of a reduced 
tillage practice. Although the economic feasibility of 
changing from conventional to reduced tillage is defined by 
T^he SOIL variable consists of 19 soil association dummy 
variables. The state of Iowa is divided into 21 soil associa­
tion areas, but no observations with complete information 
existed for one area. 
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the net present value, no attempt is made to calculate the 
net present value because of incomplete data.^  However, some 
of the variables that determine the profitability of a 
change in tillage practices are included in the empirical 
analyses. Other variables such as the discount rate, risk 
preference, length of project life, and the initial cost of 
the change are assumed to be the same across all farm 
operators.^  
I^nvestments in a reduced tillage technology are economi­
cally feasible if the net present value is greater than or 
equal to zero. Such an investment would be undertaken if 
there exists unlimited investment funds. However, if funding 
is limited, only feasible projects with the highest net present 
value will be undertaken by the firm. Because Iowa farms dif­
fer in enterprise combinations, certain types of farms may have 
higher-valued investment alternatives. The availability depends 
upon the type of farm operation. Also, the financial position 
of the firm will determine the available investment funds. 
Financial positions may differ among firms depending on number 
of years in operation aid other factors such as inheritance and 
"correctness" of past decisions. No variables for investment 
alternatives or financial position are included in the specifi­
cation . 
7 
Results from a controlled continuous corn tillage experi­
ment indicate that tillage practices do not increase the vari­
ance of corn yields. Erbach et al. (1980) evaluated seven 
systems for continuous corn production in Central Iowa on 
Clarion-Nicollet-Webster soil; they included: 1) fall moldboard 
plow, 2) fall chisel plow, 3) no till planted on ridges, 4) 
spring moldboard plow, 5) spring offset disk, 6) no-till, and 
7) till plant. Each tillage practice was on a one acre plot 
and each treatment was replicated four times in a randomized 
complete block design model. The experiment was conducted from 
1971-1975. They conclude that yields are not statistically dif­
ferent for full tillage and till-plant technology; however, 
yields from full tillage are larger than from other reduced 
tillage systems. The variance of corn yields is not statistical­
ly different for alternative tillage systems. Adequate weed 
control may be attained with reduced tillage systems, but the 
rate of emergence and final plant population (continued on p. 67) 
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Human capital variables 
New and economically feasible technologies may exist, but 
a farm manager must be: (1) aware of their existence, (2) 
able to accurately evaluate profitability and risk of the 
technology, and (3) able to successfully implement the 
technology. The hypothesis is that investments in formal and 
informal education, management experience, health, and infor­
mation improve the allocative and technical abilities of the 
farm operator. In particular, it is hypothesized that farm 
managers with more years of formal schooling (EDUCATION) more 
quickly adopt and more completely utilize reduced tillage 
practices thcin managers with fewer years of schooling. Also, 
it is hypothesized that experience in making production 
decisions in the past (EXPERIENCE) increases the rates of adop­
tion and utilization of reduced tillage practices. Good 
health is another form of human capital that may be essential 
for the development of still other forms of human capital, 
namely allocative and technical skills. It is hypothesized 
that farm operators in better physical condition (HEALTH) more 
quickly adopt and more fully utilize reduced tillage practices 
than operators in poorer physical condition. 
(Continued from p. 66) are more erratic with reduced tillage 
systems. Equipment and labor costs are lower for reduced 
tillage systems, costs of herbicides and other materials vary 
with crop years and are usually higher for reduced tillage 
systems. 
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Nine different primary information sources for obtaining 
data on the existence of new products and procedures are in­
cluded in the specification. They are formed from all pos­
sible combinations of three types of information (media -
M, private consultation - PC, and organized group programs -
GP) and three origins of supply (private input supply firms 
- ISF, private farm management sources - PMS, amd public 
sources - AES or PEI). The relationship between frequency of 
use and rates of adoption depends, however, upon the quality 
of information provided by the source. For example, input 
supply firms disseminate information to farm operators through 
media sources, field representatives, and through organized 
demonstrations and exhibits. Firms may be selective in the 
information they provide by emphasizing or possibly exagger­
ating desirable characteristics and withholding information on 
undesirable characteristics of their product. Furthermore, 
firms may provide no useful information in their promotional 
campaigns. Media advertising may attempt to influence per­
ceptions of performance or instill brand loyalty. As a result, 
the quality of information provided by different private in­
put supply firms may be highly variable. Firms, however, are 
subject to advertising and promotional regulations. More im­
portantly, most firms are long-run profit maximizers. By 
providing inaccurate or incomplete information, firms may 
increase short-run profit but not necessarily long-run profit. 
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Although the quality of information provided by private 
sources nay be highly variable, the Agricultural Extension 
Service collects, interprets, and disseminates results of 
research conducted at land grant universities throughout 
the nation. Because the information provided by the Agri­
cultural Extension Service is objective, it is hypothesized 
that farm operators who more frequently utilize these services 
more quickly adopt and more completely utilize reduced tillage 
practices than operators who less frequently utilize these 
sources. 
Once a farm operator obtains information, he or she may 
pass it along to other operators. The local dispersion system 
may be an important source of information for some farm 
operators. The accuracy and completeness of information in 
these networks may differ significantly from primary sources. 
Farm operators may "follow-up" this secondary information with 
primary information. Secondary sources, however, may be im­
portant in the adaption of a new technology to local environ­
mental conditions. 
In general, it is hypothesized that farm operators who 
frequently utilize accurate and reliable information sources 
more quickly adopt and more completely utilize a reduced 
tillage practice than farm operators who less frequently 
utilize such information sources. The quality of information, 
however, may differ significantly among the ten sources 
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considered in this analysis. As a result, hypotheses are not 
formulated for most sources because of a lack of knowledge 
about the accuracy and reliability of the specific sources. 
Profitability variables 
Rates of adoption and utilization are functions of 
the economic feasibility of reduced tillage practices. The 
economic feasibility, as measured by the net present value, 
is dependent upon the profitability or the increase in mean 
net farm income from the adoption of a reduced tillage 
practice. This increase is the product of the increase in 
per acre net returns from corn production and the number of 
corn acres. For a given per acre net return, the expected net 
return to adoption and utilization is proportional to the size 
of the corn enterprise, and farm firms with large corn enter­
prises will have greater absolute incentive to adopt and 
utilize more efficient tillage technologies than farm firms 
with smaller com enterprises. Thus, the hypothesis is that 
the rate of adoption and utilization is positively related 
to the number of corn acres per farm (ACRES). 
Per acre profitability is measured by the change in 
net returns per acre that result from the use of a reduced 
tillage practice. Reduced tillage systems may significantly 
decrease: 1) soil and moisture loss, 2) direct fuel require­
ments, 3) labor and machinery field time at critical periods. 
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and 4) machinery and repair costs. Sufficient data do not 
exist to calculate a measure of per acre profitability- How­
ever, a number of variables for identifying differences among 
Iowa farms in per acre profitability are included in the 
empirical specification. Per acre net returns may vary 
significantly across farms because of differences in the: 
1) type of reduced tillage technology, 2) soil type, 3) crop­
ping system, 4) length of growing season, and 5) institutional 
arrangement for land tenure. 
Because the actual reduced tillage practice was not 
specified, the dollar amount spent per acre on herbicides 
(HERBICIDES) is included as an indicator of the type of re­
duced tillage technology utilized by the farm firms. It is 
assumed that no-till technologies require larger amounts of 
herbicide per acre than other moderately reduced tillage 
technologies. Because differences in the per acre profit­
ability of alternate reduced tillage technologies are 
not assessed, the expected sign of the coefficient is unknown 
a priori- The per acre corn yield (YIELD) is included in the 
specification as an indicator of soil productivity. It is 
hypothesized that per acre profitability will be greater on 
more productive than less productive land-
Various measures of the physical, and thus economic, 
feasibility of specific reduced tillage practices are included 
in the specification. Three measures of the characteristics of 
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the cropping system are derived and included in the specifi­
cation. They are: (1) the ratio of soybean to corn acres 
(SOYBEANS), (2) the ratio of meadow to corn acres (MEADOW), 
and (3) the ratio of permanent pasture to total acres 
(PASTURE). These characteristics are assumed to be exogenous 
factors affecting the tillage decision, but they are assumed 
to be unaffected by the choice of tillage practices. Specific 
reduced tillage technologies such as the chisel plow or field 
cultivator are well-suited to prepare harvested soybean acres 
for corn in the following crop year and are the most commonly 
used reduced tillage practices. Assuming an identical crop­
ping system from year to year, a large ratio of soybean to 
corn acres would indicate the physical feasibility and thus 
profitability of adoption and complete utilization of such 
practices. It is hypothesized that managers of farms with 
larger ratios of soybean to corn acres will more quickly 
adopt and more completely utilize a reduced tillage practice 
than managers of farms with smaller ratios. 
Because many widely-used reduced tillage practices are not 
suited to prepare meadow acres for corn in the following crop 
year, a moldboard plow (a full tillage technology) may be 
required to "break-up" meadow acres for a row crop in the next 
year. The exception may be a no-till technology. Assuming 
an identical cropping system from year to year, a large ratio 
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of meadow to corn acres would indicate the physical infeasi-
bility and thus unprofitability of adopting and utilizing 
many of the reduced tillage technologies. It is hypothesized 
that managers of farms with larger ratios of meadow to corn 
acres will less quickly adopt and less fully utilize a re­
duced tillage practice than managers of farms with smaller 
ratios. 
The ratio of permanent pasture to total farm acres is 
included as a firm-specific variable for soil type and 
quality. Farms with large percentages of permanent pasture 
or woodland acres may be characterized by a soil type and 
topology that are significantly different from those of its 
soil association and that are not physically suited for many 
reduced tillage technologies. It is hypothesized that 
managers of farms with a larger ratios of permanent pasture 
to total acres will less quickly adopt and less fully util­
ize a reduced tillage practice than managers of farms with 
smaller ratios. 
The potential manure nitrogen utilized from livestock 
enterprises (MANURE) is another physical variable included in 
the specification. It is hypothesized that large quanti­
ties of animal manure applied per acre may physically in­
hibit the profitable use of particular reduced tillage prac­
tices. Livestock manures are often worked or tilled into the 
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soil for a high nitrogen utilization or unincorporated manure 
and straw may limit the use of conventional planting and 
cultivating technologies. 
Dummy variables for soil association are the final 
physical, variables included in the specification. Heavier, 
darker, and more poorly drained soils are less suited for 
reduced tillage practices than lighter, sandier and better 
drained soils. Thus, soil dummies control for differences in 
this quality and topology of farmland. A variable for the 
length and quality of the growing season (SEASON) is included 
to account for differences in seasonal demands for farm labor. 
If reduced tillage technologies decrease labor demands at 
crucial planting and harvesting periods, then farm operators 
in northern areas of the state with shorter growing seasons 
may have a higher opportunity cost for an hour of labor at 
these times than farm operators in southern areas of the 
state with longer growing seasons, other things equal. Be­
cause net returns are partially determined by labor savings, 
it is hypothesized that farm operators in areas with shorter 
growing seasons will more quickly adopt and more completely 
utilize reduced tillage practices than operations in areas 
with longer growing seasons. 
Finally, an institutional variable is included for the 
type of land tenure system (TENURE). Because capturing the 
benefits of soil loss reduction requires a long planning 
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horizon, it is hypothesized that owner-operators will have 
greater economic incentive to adopt more efficient tillage 
technologies than will land tenants. 
Estimation Procedures 
Multiple linear regression models are specified for 
analyzing differential rates of adoption and utilization of 
reduced tillage practices. The dependent variable of the 
adoption model (RTD) is a binary variable for the use or 
nonuse of a reduced tillage practice. The dependent variable 
of the utilization model (RT) is the percentage of corn acres 
on which a reduced tillage practice was used. The range of 
both of the dependent variables is limited to the interval 
0-1. Because the limitations of the dependent variables 
violate the standard normality and homoscedasticity assump­
tions of the linear regression model, ordinary least squares 
(OLS) estimates are not best, linear, unbiased estimates 
(BLUE); and standard tests of statistical inference do not 
apply. Alternative estimation techniques, usually maximum 
likelihood, have been developed that result in consistent 
and asymptotically efficient estimates of regression 
g 
parameters . 
g 
The method of maximum likelihood requires an assumption 
about the distribution of the disturbance term and the forma­
tion of a likehood function that is the product of marginal 
and cumulative density functions. Maximum likelihood esti­
mates are derived by maximizing the likelihood (Cont. on p. 76) 
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Both OLS and alternative statistical methods are used to 
9 
estimate regression parameters. Probit methods are utilized 
to estimate parameters of the adoption model while Tobit 
methods are used to estimate parameters of the utilization 
model- Descriptions of both alternative estimation methods 
is presented in Appendix C. 
A regression model in which the dependent variable is 
binary is interpreted as a conditional probability model. 
(Cont. from p. 75) function with respect to the unknown 
parameters. The likelihood function and the resulting normal 
equations are nonlinear and solutions are calculated by iter-
native nonlinear maximization algorithms. The Newton-Raphson 
method or a refinement of this method is usually the tech­
nique used to solve the nonlinear normal equations. For 
further discussion see Maddala (1977, pp. 162-182). 
9 Although OLS estimates are not BLUE and standard statis­
tical tests do not apply, ordinary least squares are used in 
the preliminary runs to determine the specification to be esti­
mated by alternative and often more costly and restrictive 
statistical routines. Ordinary least squares (OLS) estimates 
of the regression parameters minimize the sum of squared 
deviations between the observed (1 or 0) and predicted values. 
No assumption about the distribution of the disturbance term 
is required to estimate the regression parameters. In the 
case of a binary dependent variable the variances of the 
disturbance terms are heteroskedastic and OLS estimates are 
not efficient. Because the distribution of the residuals is 
discrete, standard statistical tests do not apply. 
^^ A monotonie transformation of probability is required to 
spread the value across the entire real line so that alterna­
tive statistical methods may be utilized to estimate the re­
gression parameters. Two such transformations are the probit 
and logit transformations. A logit estimation of the adoption 
model is presented in Appendix D. The logit transformation 
and estimation procedure are discussed and estimates are 
presented in this appendix. 
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The regression value is a conditional probability of adoption 
of a reduced tillage practice for a given set of explanatory 
variables. It is assumed that farm operators adopt a prac­
tice at certain critical values of the explanatory variables 
and that critical values differ among farm operators. Only 
two values of the dependent variable, however, are possible. 
The operator has either adopted or not adopted a reduced 
tillage practice. In this sample, 506 operators had adopted 
and 364 operators had not adopted reduced tillage practices. 
The rate of utilization, the percentage of corn acres on 
which a reduced tillage practice was used, is truncated at 
both ends of the distribution (0 and 100 percent). Of the 
870 firms responding, 364 (42 percent) reported using no 
reduced tillage practice while 209 (24 percent) reported using 
reduced tillage on 100 percent of their corn acres. The re­
maining firms (297 or 34 percent) used a reduced tillage 
practice on some, but not all, of their corn acres. Programs 
for estimating parameters of regression models with doubly 
truncated dependent variables are not available at the Iowa 
State computer facility. Because the percentage of acres 
is severely truncated at zero, the Tobit method is used to 
estimate parameters of the utilization model. 
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Estimates of the Adoption Model 
Parameters of the model for explaining the adoption of 
reduced tillage practices are estimated by OLS and probit 
methods. 
OLS estimates 
OLS estimates and t-ratios of the adoption model param­
eters are presented in Table 4.1. All variables of the 
empirical specification are included in Equation 1. 
Profitability variables with estimated coefficients that are 
not statistically different from zero are excluded in Equa­
tion 2 and human capital variables with insignificant 
coefficients are excluded in Equation 3. The project 
sample was allowed to increase as variables with statistically 
insignificant coefficients were excluded from the equation. 
As a result, the sample size increases from 757 in Equation 
1 to 855 in Equation 4 of Table 4.1. 
OLS results indicate that coefficients of the number of 
corn acres, the ratio of soybean to corn acres, the soil 
quality, years of formal schooling, and frequency of at­
tendance at group programs organized and conducted by the 
agricultural extension service have the correct expected signs 
and are statistically different from zero at the . 05 level of 
significance. The estimated coefficients and t-ratios of 
the ACRES and SOYBEANS variables are relatively large. 
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Table 4.1. OLS estimates of the reduced tillage adoption model, Iowa 
farm operators, 1976^ 
Independent Equation 1 Equation 2 Equation 3 
variables Estimate t-Ratio Estimate t-Ratio Estimate t-Ratio 
INTERCEPT -.006 - -.021 - -.033 -
ACRES .126 5.09 .131 5.55 .136 5.93 
ACRESQ -.006 -3.15 -.006 -3.24 -.007 -3.52 
HERBICIDE .002 .56 - - - -
YIELDC .000 .37 - - - -
SOYBEANS .363 5.43 .330 5.61 .339 5.99 
SOYBEANSQ -.073 -3.94 -.072 -4.07 -.074 -4.32 
MEADOW -.160 -1.71 -.100 -1.15 -.099 -1.16 
MEADOWSQ .015 .63 .005 .21 .006 .26 
PASTURE -.133 -1.02 -1.85 -1.55 -2.04 -1.77 
MANURE .002 0.62 - - - -
SEASON -.001 -.04 - - - -
TENURE .019 .41 - - - -
EDUCATION .014 1.59 .017 2.05 .017 2.30 
EXPERIENCE .001 .68 .001 .63 - -
M-IS? .001 .27 .002 .55 - -
PC-ISF .015 -80 .023 1-24 .029 1.72 
GP-ISF .006 .37 .010 .60 - -
M-PMS -.005 -.27 -.006 -.39 - -
PC-PMS -.030 -1.41 -.024 -1.13 -.019 -.94 
M-AES .003 -19 .007 .38 - -
PC-AES .002 .11 -.002 -.12 - -
GP-AES .027 1-23 .022 1.08 .035 2.13 
GP-PEI .030 1-23 .030 1.25 - — 
SECONDARY -.032 -1-74 -.030 -1.71 -.025 -1.54 
HEALTH -.032 -1.20 -.019 -.75 - -
R2 
-
212 .193 .192 
F-ratio 4. 36 4.85 6.31 
n 757 834 855 
^The dependent variable is a binary variable for the use or nonuse 
of a reduced tillage practice. The estimated coefficients and t-ratios 
of the 19 soil association dummy variables are not presented in the table. 
^ACRES is the number of corn acres divided by 100. 
^The estimated coefficient of YIELD is .00027. 
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Managers of farms with either large corn enterprises or large 
ratios of soybean to com acres are more likely to adopt a 
reduced tillage practice than managers of farms with either 
small enterprises or small ratios. The exceptional per­
formance of the SOYBEANS variable may indicate that a par­
ticular type of reduced tillage practice such as disking or 
chisel-plowing soybean acres is especially profitable in a 
corn-soybean crop rotation. The marginal effect of scale be­
gins to diminish at approximately 970 acres and it becomes 
negative at approximately 1940 acres. The marginal effect of 
the ratio of soybean to corn acres begins to diminish at 
approximately 2.3 and it becomes negative at 4.6. All other 
profitability variables, except the manure variable, have 
estimated coefficients with correct expected signs, but none 
is statistically different from zero at the .05 level of 
significance. 
The CLS estimates of most soil association dummy vari­
ables (not shown in Table 4.1) are positive and signifi­
cantly different from zero at the .05 level of significance. 
The base group in the OLS intercept is the Clarion-Nicollet-
Webster soil association. This is a heavy dark soil. It is 
also the most productive and, thus, highest priced farmland. 
The positive coefficients indicate that managers of farms 
with ligher sandy soils are more likely to adopt a reduced 
81 
tillage practice than operators of farms with heavier dark 
soils. The estimated coefficients and t-ratios of the soil 
association dummies are presented in Table E.l of Appendix E. 
Coefficients of years of formal schooling (EDUCATION) and 
frequency of attending group programs organized and conducted 
by the agricultural extension service (GP-AES) are positive 
and statistically different from zero. In Equation 3, the 
probability of a college graduate adopting a reduced tillage 
practice is approximately .07 greater than the probability 
for a high school graduate while the probability of adoption 
by a manger who frequently attends group programs of the 
extension service is .07 (2 x .035) greater than the 
probability for a manager who seldom attends these programs. 
The signs of the estimated coefficients of other human 
capital variables are generally correct, but the coefficients 
are not statistically different from zero at the .05 level of 
significance. The coefficient of the secondary information 
variable (SECONDARY) is negative. This tends to suggest that 
farm operators who more frequently utilize other farmers for 
information about the existence of new products and pro­
cedures are less likely to adopt a reduced tillage practice 
than operators who less frequently utilize this source. The 
coefficient, however, is not statistically different from 
zero at the .05 level of significance. The coefficients of 
M-PMS and PC-PMS are also negative. Their signs suggest that 
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operators who frequently utilize media sources of or private 
consultation with private management services are less likely to 
adopt a reduced tillage practice than operators who seldom 
utilize this source- Both coefficients, however, are not 
statistically different from zero. 
Although there are potential statistical problems with 
the OLS estimates of the adoption model, they support the 
hypothesis that profitability of the investment (as measured 
by scale of operation, cropping system, and soil quality), and 
human capital of the farm operator (as measured by years of 
formal schooling and extension contact), significantly in­
fluence the probability of adoption of a reduced tillage prac­
tice. The regression explains approximately 20 percent of the 
variation in the binary dependent variable. 
Probit estimates 
Equation 3 of Table 4.1 is reestimated with the probit 
procedure (see Appendix C). Because the computer program 
limits the number of independent variables used in the esti­
mation routine, the county average land price (CALP) is 
included rather than the 19 soil association dummy variables 
as the measure of soil quality. Both OLS and probit estimates 
and t-ratios of this modified specification are presented in 
Table 4.2. The signs of coefficients estimated by both the 
OLS and probit procedures are identical (except for the 
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Table 4.2. OLS emd probit estimâtes of the reduced tillage adoption 
model, Iowa farm operators, 1976& 
Independent OLS Probit 
variables Estimate t-Ratio Estimate t-Ratio 
INTERCEPT .303 - — .606 -1.75 
Profitability 
ACRES .001 6.06 .004 5.83 
ACRESQ -.000^ -3.42 -.000^ -3.10 
SOYBEANS .334 6.20 .965 5.78 
S0Y3EANSQ -.074 -4.38 -.221 -3.64 
MEADOW -.135 -1.65 -.320 -1.26 
MEADOWSQ .017 .75 .021 .23 
PASTURE -1.58 -1.37 -.457 -1.31 
Soil Quality 
CALP -.019 -3.92 -.054 -3.78 
Human Capital 
EDUCATION .022 3.05 .064 2.92 
PC-ISF .025 1.48 .073 1.44 
PC-PMS -.001 -.04 -.022 -.05 
GP-AES .030 1.87 .093 1.90 
SECONDARY -.022 -1.32 — .066 -1.33 
R2 
.178 
F 14.05 
n 857 857 
^The dependent variable is a binary variable for the use or nonuse of 
a reduced tillage practice. County average laind prices (CAL?) rather than 
soil association dummy variables are included as measures of soil quality 
in this specification. 
^This is an asymptotic t-ratio. 
'The estimated coefficient is -.000001. 
^The estimated coefficient is -.000002. 
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intercept), t-ratios are similar, but the absolute size of 
the probit coefficients are roughly three times larger than 
the OLS estimates. However, the OLS and probit estimates 
may not be directly compared because of differences in the 
methods of estimation. OLS estimates minimize the sum of 
squared deviations between predicted and observed values 
(0, 1). The probit estimates maximize the likelihood func­
tion of a transformed value of the probability. 
The probit estimates reinforce the basic conclusions of 
the OLS analysis. The scale of the com enterprise, the 
relative size of the soybean enterprise, and the soil quality 
are significant variables determining the profitability of a 
reduced tillage practice. The negative coefficient of the 
county average land price is expected. It implies that the 
probability of adopting a reduced tillage practice on higher 
priced (heavier, dark) soils is less than the probability of 
adopting on lower priced (lighter, sandy) soils. Specific 
reduced tillage practices such as chisel plowing or disking 
may be economically feasible, especially in corn-soybean 
cropping systems. Both empirical results support the 
hypothesis that investments in formal schooling and exten­
sion information contribute to the development of human 
capital, particularly allocative ability. The probit esti­
mates imply that probability of adopting a reduced tillage 
practice is greater for farm operators with more years of 
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formal schooling and greater extension contact. 
Estimates of the Utilization Model 
Parameters of the model for explaining the share of 
com acres on which a reduced tillage practice is utilized 
are estimated by OLS and Tobit methods. Estimation by 
Tobit represents a partial attempt to correct for truncation 
of the dependent variable. 
OLS estimates 
OLS estimates of coefficients and t-ratios of the 
utilization model are presented in Table 4.3. All variables 
of the empirical specification are included in Equation 1. 
Profitability variables with estimated coefficients that are 
not statistically different from zero are excluded in Equa­
tion 2 and human capital variables with insignificant coeffi­
cients are included in Equation 3. The project sample was 
allowed to increase as variables with statistically insig­
nificant coefficients were excluded from the equation and 
the number of observations with complete data increased. 
The OLS estimates of the utilization model are similar to 
those of the adoption model. The main difference is the 
enhanced statistical significance of the MEADOW and PASTURE 
variables. Both of the estimated coefficients are statistical­
ly different from zero at the .05 level of significance. The 
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Table 4.3. OLS estimates of the reduced tillage utilization model, Iowa 
farm operators, 1976^ 
Independent Equation 1 Equation 2 Equation 3 
variables Estimate t-Ratio Estimate t-Ratio Estimate t-Rat; 
INTERCEPT 4.54 1.58 -1.85 — 
ACRES 7.13 3.35 7.91 3.88 7.98 4.07 
ACRESQ -.28 -1.67 -.31 -1.88 -.32 -1-97 
HERBICIDE .02 .07 - - - -
YIELD .06 1.07 - - - -
SOYBEANS 34.67 6.01 33.78 6.64 33.40 6-84 
SOYBEANSQ -6.25 -3.88 -5.56 -4-32 -6.49 -4-38 
MEADOW -18.93 -2.35 -13.67 -1.81 -14.52 -1-98 
MEADOWSQ 3.14 1.48 2.35 1.14 2.48 1.24 
PASTURE -13.97 -1.24 -18.53 -1.80 -19.87 -2-01 
MANURE .06 .56 - - - -
SEASON -.43 -.20 - - - -
TENURE -.16 -.04 - - - -
EDUCATION .89 1-17 1.23 1.70 1.33 2.06 
EXPERIENCE -.02 -.15 -.02 -.18 - -
M-ISF -.07 --18 -.05 -.13 - -
PC-ISF 1.07 .64 1.66 1.05 2.13 1.42 
GP-ISF 1.24 .84 1.33 -92 - -
M-PMS -.87 -.48 .28 --16 - -
PC-PMS -1.49 -1.02 -1.77 -1-27 -1.92 -1.46 
M-AES -.22 -.14 -.05 --03 - -
PC-AES -1.20 -.65 -1.22 --69 - -
GP-AES 3.33 1.85 2.73 1-57 2.70 1.90 
GP-PEI .03 .01 .22 -11 - -
SECONDARY -1.77 -1.13 -1.73 -1.15 -1.68 -1.17 
HEALTH 1 to
 
w
 O -1.00 -1.05 --48 - -
R2 
.207 .186 .18 7 
F-ratio 4.24 4.65 5.12 
n 757 834 855 
"^The dependent variable is the percentage of com acres on which a 
reduced tillage practice vas used. The estimated coefficients and 
t-ratics cf the 19 soil association dummy variables are not present 
in the table. 
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ACRES and SOYBEANS variables continue to perform well. The 
marginal effect of scale begins to diminish at approximately 
1245 acres and it becomes negative at approximately 2490 
acres. The marginal effect of the ratio of soybean to corn 
acres begins to diminish at approximately 2.5 and it be­
comes negative at approximately 5.0. 
The OLS estimates of most soil association dummy vari­
ables (not shown in Table 4.3) are positive and statistically 
different from zero at the .05 level of significance. Posi­
tive coefficients indicate that managers of farms with lighter 
sandy soils utilize a reduced tillage practice on a larger 
percentage of corn acres than managers of farms with heavier 
dark soils. The estimated coefficients and t-ratios of the 
soil association dummies are presented in Table S.2 of 
Appendix E. 
Coefficients of years of formal schooling and frequency 
of attending group programs organized and conducted by the 
agricultural extension service are positive and statistically 
different from zero. Equation 3 implies that farm managers 
with a college degree will utilize a reduced tillage practice 
on approximately 5 percent more of their corn acres than a 
manager with a high school diploma, other things equal. This 
equation also implies that farm operators who frequently attend 
public programs of the extension service will utilize a 
reduced tillage practice on approximately 5 percent more of 
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their corn acres than operators who seldom attend such pro­
grams, other things equal. 
Although there are potential statistical problems with 
the OLS estimates, they support the hypothesis that profit­
ability of the investment and human capital of the farm 
operator will increase the rate of utilization of a reduced 
tillage practice. The regression explains nearly 20 percent 
of the variation in the degree of utilization. 
Tobit estimates 
Equation 3 of Table 4.3 is reestimated with the Tobit 
procedure (see Appendix C). Because the computer program 
limits the number of dependent variables to 18, the county 
average land price is included rather than the 19 soil 
association dummy variables as a measure of soil quality. 
Both the OLS and Tobit estimates and t-ratios of this modified 
specification are presented in Table 4.4. The signs of both 
the OLS and Tobit estimates, with the exception of the inter­
cept, are identical and the relative size of the estimated 
t-ratios are similar. The Tobit estimates, as expected, are 
generally larger than the OLS estimates. The significant 
increase results from differences in estimation procedures. 
OLS estimates are smaller than Tobit estimates because, in a 
two-dimensional context, the extremely large number of obser­
vations at zero force a larger OLS intercept and a smaller 
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Table 4.4. OLS and Tobit estimates of the reduced tillage utilization 
model, Iowa farm operators, 1976^ 
Indeoendent OLS Tobit 
variables Estimate t-ratio Estimate t-ratio 
INTERCEPT 17.78 -14.08 -.84 
Profitability 
ACRES .09 3.93 .15 4.73 
ACRESQ -.00^ -1.86 -.00*^ -2.42 
SOYBEANS 33.45 6.17 54.89 6.76 
SOYBEANSQ -6.11 -3.59 -11.42 -4.00 
MEADOW -35.44 -4.30 -30.77 -2.40 
MEADOWSQ 7.11 3.10 4.06 .95 
PASTURE -12.46 -1.07 -27.05 -1.54 
Soil quality 
CALP -1.48 -3.10 -2.35 -3.47 
capital 
EDUCATION 2.39 3.27 3 . 2 8  3.05 
PC-ISF 1.86 1.07 3.16 1.27 
PC—PMS —2.60 —1.73 —1.56 -.73 
GP-AES 2.04 1.26 3.53 1.56 
SECONDARY -2.71 -1.65 -2.53 -1.09 
.183 
t-ratio 14.56 
n 857 857 
^The dependent variable is the percentage of com acres on which a 
reduced tillage technology was used. County average land price (CAL?) 
rather than soil association dummy variables are included as measures 
of soil quality in this specification-
^This is an asymptotic t-ratio. 
'^The estimated coefficient is -.00003. 
^The estimated coefficient is -.00006. 
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slope coefficient. 
Tobit estimates reinforce the basic conclusions of the 
OLS analysis. The scale of the corn enterprise, the rela­
tive sizes of soybean and meadow enterprises, soil quality, 
and education of the operator are variables that signifi­
cantly influence the rate of utilization of a reduced 
tillage practice. Both OLS and Tobit estimates of the 
coefficient of the frequency of attending group programs of 
the extension service are not statistically different from 
zero at the .05 level of significance. The negative coeffi­
cient of the county average land price is expected. It im­
plies that the rate of utilization of reduced tillage prac­
tices on higher priced (heavier dark) soils is less than 
the rate of utilization on lower priced (lighter sandy) soils. 
Both empirical results support the hypothesis that invest­
ments in formal schooling contribute to the development of 
human capital, especially allocative ability. The Tobit 
equation implies that adopters with college degrees 
will utilize a reduced tillage practice on 13 percent more 
of their corn acres than managers with high school diplomas, 
other things equal. 
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CHAPTER V. THE RELATIVE COST EFFICIENCY 
OF IOWA FARM FIRMS 
The model of differential cost efficiency is empirically 
specified and estimated in this chapter. Allocative effi­
ciency of Iowa farm firms is analyzed for relative cost 
efficiency in corn production. The empirical model consists 
of two major components. The first is the specification 
and estimation of a corn production function. The estimated 
parameters are then used to calculate a theoretical minimum 
cost of producing a given yield and to derive a measure of 
relative cost efficiency. The second component is the 
specification and estimation of the model of differential 
cost efficiency. The hypothesis is that differential cost 
efficiency of Iowa farm firms is a function of human capital 
and other economic variables. 
The Empirical Specifications 
The two major components of the model are empirically 
specified in this section. The corn production function is 
specified, specification problems are addressed, and the 
derivation of a measure of relative cost efficiency is out­
lined in the first subsection. The model for explaining 
differential cost efficiency is specified in the second sub­
section . 
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The corn production function 
Alternative functional forms may be used to model the 
corn production process.^  A Cobb-Douglas type production 
function is selected for use in this study. Past empirical 
studies by Fane (1975), Griliches (1964), Huffman (1977), 
Khaldi (1975), and Timmer (1970) suggest that such a 
2 
specification may perform reasonably well for this analysis. 
Although unitary elasticity of substitution is not a desirable 
mathematical characteristic, the specification is linear in 
logarithms and may be estimated with ordinary least squares 
(OLS) regression procedures. The empirical specification is: 
where 
Y = YIELD = 1976 corn yield (bushels/acre), 
= CNSR = corn seeding rate (kernels/acre), 
X2 = N or NADJ = nitrogen fertilizer application rate 
(pounds/acre), 
Standard functional forms include the Cobb-Douglas, CES 
(constant elasticity of substitution), and fixed proportions 
production functions. 
2 It is assumed that the farm production function is 
separable. This implies that each grain and livestock enter­
prise of the farm firm may be considered a separate and 
distinct production process. Services of farm labor and 
specific types of machinery (tractors, row crop planters, 
and row crop cultivators) may be used in different production 
enterprises and the output of one enterprise may be used as an 
input in another enterprise, but it is assumed that joint 
production does not occur within the farm operation. 
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Xg = HERBICIDE = herbicide application rate 
(dollars/acre), 
B^  = JNRF = June rainfall (acre-inches), 
B2 = JNRFSQ = June rainfall squared, 
B^  = JRF = July rainfall, 
B^  = JRFSQ = July rainfall squared, 
Bg = ART = August rainfall 
Bg .= ARFSQ = August rainfall squared 
B^  = MSI = moisture stress index, 
Bg = MSISQ = moisture stress index squared, 
Bg = SEASON = growing degree days, 
B q^ = CALP = county average land price, 
B^ 2_ = CALPSQ = county average land price squared, 
= CIRRD = crop irrigation system dummy variable, 
T2 = RCPSD = row crop planter size dummy variable, 
Tg = COMD = harvesting system dummy variable, 
= DRYD = com drying system dummy variable, 
Tg = RT or RTD = reduced tillage adoption or 
utilization variable 
Tg = EDUCATION = years of formal schooling of the farm. 
operator 
The X variables are quantities of variable production 
inputs, the B variables are measures of environmental 
(biological) conditions, and the T variables are indicators 
of the type of production technology. 
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Specification problems 
Potential specification problems are most likely in the 
areas of omitted variables and functional form of the pro­
duction function.^  Two important variable inputs, labor and 
machinery capital services, are excluded from the specifi-
4 
cation because of data limitations. It is assumed that the 
T^he mathematical specification is incorrect if quali­
tative changes in explanatory variables are unaccounted. 
Homogeneous units of output and variable inputs are assumed in 
the specification of a production function. The problem of 
heterogeneous units of observation is most serious for labor 
and aggregate capital inputs. In this specification, the 
units of measurement for output, seed, and fertilizer are 
physical (bushels, kernels, and pounds). It is assumed that 
units are homogeneous. This implies that yield is measured in 
moisture-adjusted bushels and that seed and fertilizer quality 
do not differ significantly across varieties or brands. Herbi­
cide is measured by the value applied per acre. It is assumed 
the value measure captures any quality differences in a 
physical unit such as pound or gallon. It appears that 
qualitative differences in variable inputs are not a serious 
problem in this cross-sectional analysis. However, the 
variables for which the problem is most serious, namely labor 
and machinery capital, are excluded from the production func­
tion specification. 
4 Farm operators reported hours of labor and machinery 
(tractor), services for the entire farm operation, but hours 
allocated to particular production enterprises were not 
specified. Efforts were made to estimate hours of labor and 
machinery services used in the corn enterprise, but the results 
were not satisfactory. The procedures to estimate both labor 
and tractor hours used in the corn enterprise were identical. 
The procedure to estimate labor hours is briefly described 
below. First, a theoretical total number of labor hours re­
quired for each enterprise of the firm was calculated. Esti­
mates were calculated by using per unit labor requirements 
reported by extension farm management specialists. Second, the 
ratio of theoretical hours required by the corn enterprise to 
theoretical hours required by the entire farm firm was calcu­
lated. Finally, the total number of labor hours reported by 
the operator was multiplied by this ratio to derive the esti­
mate for the com enterprise. 
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parameters of the two excluded variables are positive. In 
this case, the ordinary least squares (OLS) estimates will be 
biased and inconsistent if the included and excluded vari­
ables are correlated. The direction of the bias depends 
upon the direction of the correlation.^  If the excluded 
variable is positively (negatively) correlated with the 
included variables, then the estimated coefficients of the 
included variables will be biased upward (downward). If ex­
cluded and included variables are not correlated, then OLS 
estimates are unbiased and consistent (except for the inter­
cept) , but the variance of the estimated coefficients will 
have an upward bias. 
It is likely that the excluded machinery and labor in­
puts will be correlated with some of the included variables 
(seed, fertilizer, and herbicide application rates). In 
particular, a positive correlation for machinery services 
and a negative correlation for labor services are expected. 
The measure of machinery services per acre for narrow-row, 
high population, and chemically intensive cultural practices 
is probably larger than that of less intensive practices. 
The opposite relation is expected for labor. As a result, 
the OLS estimates are expected to be biased upward due to 
the exclusion of machinery services and biased downward due 
F^or further discussion see Kmenta (1971, pp. 391-405). 
96 
to the exclusion of labor services. The magnitude of the 
bias depends on the degree of correlation and the size of 
the estimated parameter (output elasticity) of the excluded 
variable- The exclusion of labor and machinery services is 
a serious specification problem, but the exclusion results 
from data limitations. Although there is little that may be 
done about the data, the direction and seriousness of the 
bias are noted. 
The mathematical specification may also be incorrect 
if the algebraic form of the equation is incorrect. A Cobb-
Douglas production function is characterized by unitary 
elasticity of substitution between pairs of variable inputs. 
In addition, all inputs are considered to be substitutes. 
These characteristics may be incorrect for agricultural 
production- For example, seed and fertilizer may be comple­
mentary inputs. Also, certain inputs such as herbicides and 
machine services or herbicides and labor may be good or 
moderate substitutes while other inputs such as herbicides 
and fertilizer may not be good substitutes. This deficiency 
may be serious, but the Cobb-Douglas form is selected 
because of its other desirable mathematical and statistical 
properties. 
Because relatively technical and specific questions were 
asked in the survey, reporting errors may be a serious 
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problem.® If measurement error exists, then OLS estimators 
will be biased and inconsistent. Alternative methods of 
estimation may be used to derive unbiased and consistent 
estimates, but such methods are often not applicable with 
survey data. In particular, weighted regression tech­
niques may be applied if there exists prior knowledge about 
the ratio of error variances, or the method of instrumental 
variables may be used if there exists a suitable instrumental 
G^iven the Cobb-Douglas specification, OLS methods may be 
used to estimate parameters of the production function. The 
OLS estimates are the best linear unbiased estimates (BLUE) 
if: 1) the expected value of the disturbance is equal to zero; 
2) the variance of the disturbance is equal for all observa­
tions (homoscedasticity); 3) the covariance of the disturbance 
term between any two observations is equal to zero; and 4) 
the independent variables are fixed in repeated samples and 
measured without error; and 5) there exists no exact linear 
combination between any of the explanatory variables. Viola­
tion of assumption (4) seems to be most relevant to this 
analysis. Kmenta (1971, pp. 347-322) notes that heterosce-
dasticity may be a problem in micro data sets. Variations 
in the dependent variable (and thus disturbance term) may 
differ significantly for low and high ranges of independent 
variables. If this is true, then the OLS estimates will still 
be unbiased and consistent, but they will not be asymptotically 
efficient. This implies that standard tests of significance 
and confidence intervals do not apply. The direction of the 
bias depends upon the direction of correlation between the 
independent variables and variance of the disturbance term. 
If the correlation is positive, the bias is negative. Tests 
of significance are more conservative and confidence intervals 
are narrower than correct values. Environmental occurrences 
are largely responsible for random disturbances in agricultural 
production. If the variance of environmental conditions is 
equal across the state of Iowa, then heteroscedasticity is not 
a serious problem in this analysis. Mean conditions do vary 
throughout the state, but it is assumed that the variance of 
environmental conditions is equal for all observations. 
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variable. Measurement error may be the most serious violation 
of the standard assumptions of the linear regression model. 
However, the fact that questionnaires were administered by 
trained and experienced interviewers of the Statistical 
Laboratory of Iowa State University may have minimized, but 
not eliminated the reporting error problem. 
The measure of relative cost efficiency The measure 
of relative cost efficiency is the percentage by which actual 
variable cost differs from a theoretical minimum cost. 
Actual variable cost (C) is calculated directly from input 
data of the firm and variable input prices: 
3 
C — L r.X., (6} 
i=l  ^1 
where 
C = actual variable cost, 
r^  = per unit price of variable input (i = 1,2,3). 
A theoretical minimum cost is derived from estimates of 
production function parameters and actual variable input 
prices. A farm operator makes many production decisions at 
or before the time of planting. Output price and environ­
mental conditions are unknown at this time, so one plausible 
assumption is that decisions are based on expected or normal 
prices and conditions. In the survey, farm operators re­
ported normal corn yields. It is assumed that reported normal 
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yields are the profit maximizing rates of output based upon 
managers' expected output price and normal environmental 
conditions. The accuracy of formulating the expected output 
price and selecting the profit maximizing rate of output is 
not a concern of this analysis. The theoretical minimum 
cost is derived for the expected com yield, normal environ­
mental conditions, and firm-specific technology variables. 
The theoretical minimum cost of production for Equation (5) 
is: 
1  ^  ^  ^
=* = K( 11 J g 
Âe Z S-B. + Z T . T. 1 2 J  
i=l ^  ^  i=l ] ] 
where 
C* = minimum variable cost, 
Ê = $.2_ + 0-2 + S-^ r 
y = NYIELD = normal corn yield, 
B^  = normal environmental conditions, 
Tj = finr specific technology variables, 
Â, S^ , Tjâ = estimated parameters of the production function. 
The measure of relative cost efficiency is defined mathe­
matically as: 
RCE = (§* - 1)100, 
where 
RCE = measure of relative cost efficiency. 
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The model of differential cost efficiency 
It is hypothesized that relative cost efficiency among 
Iowa farm firms is a function of human capital and other 
economic variables. The relationship is empirically 
defined as: 
RCE = ag + a^ ACRES + a^ ACRESQ + a^ ARZA DUMMIES 
+ a^ EDUCATION + a^ EXPERIENCE + agHEALTH 
+ a^ M-ISF + agPC-ISF + a^ GP-ISF 
+ a^ gM-PMS + a^ P^C-PMS + 
+ a^ gPC-AES + a^ G^P-AES + a^ -GP-PEI 
+ a^ gSECONDARY. 
All variables are defined in Chapter III. 
Economic variables included in the specification are 
measures for the scale of the corn enterprise, the location 
of the farm within the .state, and the human capital of the 
farm operator. The human capital variables EDUCATION, EXPERI­
ENCE, and HEALTH are the same as those included in the specifi­
cations of the reduced tillage adoption and utilization models. 
Information variables, however, are the frequency of use of 
10 different sources for obtaining information on market 
conditions rather than on the existence of new products 
and procedures. If farm operators are to achieve cost 
efficiency, they must correctly formulate expectations of 
future prices; accurately perceive the distribution of current 
101 
prices; and properly implement, monitor, and adjust the 
production process. It is hypothesized that accumulated 
investments in formal schooling, experience, information, and 
health will enhance technical and allocative abilities re­
quired for cost efficient production. More specifically, 
it is hypothesized that operators who have completed more 
years of formal schooling, who possess greater management 
experience, who are physically healthier, and who more 
frequently utilize reliable and accurate information sources 
will be more cost efficient relative to operators with 
lesser accumulated investments in such activities. 
Relative cost efficiency is measured on a per acre 
basis. It is hypothesizea that operators of farms with larger 
corn enterprises will have greater absolute incentives to be 
cost efficient than operators of farms with smaller enter­
prises. An allocative error that increases actual cost by 
one dollar per acre will result in a much greater absolute 
loss for large firms than for small firms. 
Eight area dummies (AREA DUMMIES) are included in the 
specification. The state is divided into 9 regions: 1) 
Northwest, 2) North-central, 3) Northeast, 4) West-central, 
5) Central, 6) East-central, 7) Southwest, 8) South-central, 
and 9) Southeast. The reference region is the Southeast region. 
These area dummies are included for two reasons. First, average 
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State prices as reported by the U.S. Department of Agriculture 
(1977) are used to calculate actual and theoretical minimum 
costs. If relative input prices vary significantly throughout 
the state, then cost-minimizing combinations of variable in­
puts will differ as well. Relative prices may vary because of 
transportation cost differences. Second, the pounds of 
commercial nitrogen reported by farm operators are adjusted 
for manure nitrogen and fixed nitrogen from soybean rotations. 
If methods of adjusting the value of commercial nitrogen are 
not accurate, then the measure of relative cost efficiency may 
vary between areas of the state in which cropping systems and 
enterprise combinations differ significantly. 
Estimates of the Production 
Function 
Ordinary least squares (OLS) estimates of the production 
function are presented in Table 5.1. The number of observa­
tions with no missing values (n) for the full specification 
is 598. This represents 68 percent of the farms that re­
ported producing corn in 1976. Because operators were asked 
relatively technical and detailed information such as corn 
yields, seed and fertilizer application rates, and herbicide 
expenditures per acre; managers with poor records and poor 
memories may not have been able to answer all of the 
questions- Thus, the subset of all farms with complete data 
Table 5.1. OLS estimates of the corn production function 
Independent Equation 1 Equation 2 Equation 3 Equation 4 Equation 5 
variables Estimate t-ratio Estimate t-rtitio Estimate t-ratio Estimate t-ratio Estimate t-ratio 
INTERCEPT .0049 
- -.0031 - -^00^9 
- -.1161 
- -.0615 -
Production 
inputs 
CNSR .3489 2.92 .3510 2.97 .3395 3.22 3.623 3.61 .3479 3.46 
N .0301 3.43 - - - - — 
NADJ - - .0763 3.93 .0617 3.71 .0643 4.02 .0651 4.12 
HERBICIDE -.0060 -.84 -.0052 -. 66 
-
- -
- - -
Environmental 
conditions 
JNRF .0313 1.66 .0323 1.72 .0275 1.50 .0293 1.73 .0204 1.60 
JNRFSQ -.0020 -1.15 -.0030 -1.21 -.0026 -1.15 -.0020 -1.20 -.0027 -1.21 
JRF .0395 2.00 .0402 2.05 .0392 2.97 .0302 3.04 .0300 3.09 
JRFSQ -.0020 -1.26 -.0029 -1.32 -.0020 -1.32 -.0027 -1.33 -.0027 -1.35 
ARF .0601 3.07 .0590 3.06 .0547 2.99 .0505 2.90 .0510 2.90 
ARFSQ -.0135 -2.77 -.0131 -2.72 -.0120 -2.62 -.0110 -2.52 -.0113 -2.60 
MSI .0070 1.01 .0075 .90 .0079 1.13 .0003 1.23 .0091 1.37 
MSISQ -.0023 -4.10 -.0023 -4.09 -.0024 4.60 -.0024 -4.91 -.0025 -5.04 
SEASON .0014 2.61 .0106 2.41 .0113 2.02 .0112 2.91 .0109 2.03 
CALP .0170 1.55 .0171 1.57 .0100 1.00 .0200 2.10 .0205 2.15 
CALPSQ -.0003 -.02 -.0003 -.00 -.0004 1,06 -.0004 -1.25 -.0004 -1.31 
Technical 
variables 
RT -
-
- -
- -
- -
.0003 2.76 
RTD .0186 1.74 .0173 1.62 .0161 1.67 .0207 2.27 
RCPSD .0006 .62 .0000 .50 - - _ 
COMD -.0034 -.31 -.0043 -.39 - — _ 
DRYD .0154 1.33 .0143 1.25 .0133 1.32 » 
CIRRD .1673 2.43 .1762 2.56 .1775 2.65 .1753 2.66 .1742 2.65 
EDUCATION .0001 .05 -.0004 
-.17 - - - - _ 
R? 
• 463 467 .471 474 475 
F-ratio 24. 9 25. 2 35.9 40. 6 40. 9 
n 590 590 661 693 693 
o 
w 
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may be a biased sample of all corn producers. In an attempt 
to reduce this potential bias, the study's sample size was 
allowed to increase as variables with statisticaly insig­
nificant coefficients were excluded from the equation and more 
observations had complete data for a smaller set of variables. 
The regression equations explain nearly half of the variation 
in actual corn yield and the F-ratio is approximately 4 0 for 
the final equations. 
The estimated partial output elasticity of the herbicide 
input is negative, but not statistically different from zero. 
Reporting error may be the reason for the poor performance 
of the herbicide variable. The partial output elasticity of 
the two other variable inputs, the corn seeding rate and 
nitrogen fertilization rate, are positive and statistically 
different from zero at the .01 level of significance. 
Adjusting the commercial nitrogen application rate for 
manure nitrogen from livestock enterprises and for fixed 
nitrogen from a corn-soybean crop rotation doubles the size 
of the partial output elasticity of nitrogen. The estimated 
coefficients of all environmental variables have the expected 
sign and most are statistically different from zero at the 
.05 level of significance. The estimated coefficient and 
t-ratio of the moisture stress index are relatively large. 
The technological variables do not perform as well. The 
estimated coefficients of only the crop irrigation and tillage 
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technology variables are positive and statistically different 
from zero at the .05 level of significance. The estimated 
coefficient of the education variable is small aind not 
statistically different from zero. Two different tillage 
technology variables are utilized in the estimation. The 
first (RTD) is a binary variable for the use or nonuse of a 
reduced tillage practice. The second (RT) is the percentage 
of corn acres on which a reduced tillage practice was 
utilized. Estimated coefficients of Equation 5 of Table 5.1 
are used to derive a measure of relative cost efficiency. 
Derivation of a Measure of Relative 
Cost Efficiency 
The measure of relative cost efficiency is the percentage 
by which actual cost differs from a theoretical minimum cost. 
The actual variable cost is calculated from variable input 
data of the firm and variable input prices. A theoretical 
minimum cost of producing the expected yield is derived from 
the estimated coefficients of regression Equation 5 of 
Table 5.1, normal environmental conditions, firm-specific 
technological variables, and actual input prices. A 
frequency distribution of the measure of relative cost 
efficiency is presented in Table 5.2. The percentage of 
which actual cost differed from a theoretical minimum cost 
ranged from -73.6 to 326.7. The mean was 38.0. The values 
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Table 5-2. Number of farms by relative cost efficiency 
Relative cost efficiency Number of firms 
< 50.00 5 
-50.01- -25.00 39 
-25.01- 0.00 111 
0.01- 25.00 168 
25.01- 50.00 142 
50.01- 75.00 124 
75.01- 100.00 60 
100.01- 125.00 35 
125.01- 150.00 17 
150.01- 175.00 7 
> 175.00 12 
720 
are measures of relative, not absolute, cost efficiency. A 
negative (positive) value implies that the farm firm is 
more (less) cost efficient than the average firm. 
Production function parameters used in calculating a 
theoretical minimum cost were estimated by OLS methods. 
Least squares estimates minimize the sum of squared 
deviations between actual and regression values. Both 
positive and negative deviations occur when a function 
is fitted to a data set. The OLS equation is an "average" 
function for a given data set. Timmer (1970) estimated 
a frontier production function for a time series of cross-
sectional aggregate data from 48 states. Timmer reports 
that the frontier function is nearly a neutral shift of 
the "average" OLS function when 2 percent of the extreme 
observations were deleted from the data set. Frontier esti­
mates, however, are sensitive to extreme observations, 
especially with micro data. 
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Estimates of the Model of Differential 
Cost Efficiency 
Ordinary least squares methods are used to estimate 
parameters of the model of differential cost efficiency. 
Two functional forms of the model are estimated. The first 
functional form is linear in the levels of the variables and 
g 
the second is a logarithmic specification. The OLS esti­
mates and t-ratios of the two specifications are presented 
in Tables 5.3 and 5.4. The linear equation explains 
approximately 12 percent of the variation in the measure of 
relative cost efficiency and the F-ratio is nearly 6.0. The 
nonlinear equation explains nearly 14 percent of the varia­
tion in the measure of relative efficiency and the F-ratio 
2 is approximately 7.5. The low R values may result from 
the fact that environmental variables are not firm-specific. 
The measures of environmental conditions are average values 
for ecologically-defined areas. Environmental conditions 
for a specific farm may differ significantly from average 
conditions for the area. If environmental conditions are 
above (below) average, then the minimum cost is overestimated 
(underestimated) and the measure of cost efficiency will be 
relatively small (large). The fact that environmental condi-
tions may vary significantly within ecologically-defined 
g 
The dependent variable of the second model is the natural 
logarithm of the measure of relative cost efficiency. Because 
the smallest value is -73.6, 75 was added to the original 
levels of REC, so that values less than 1 did not occur. 
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Table 5.3. OLS estimates of 
efficiency, Iowa 
the linear model of differential cost 
farzL operators, 1976& 
Independent Equation 1 Equation 2 
variables Estimate t-Ratio Estimate t-Ratio 
INTERCEPT 34.9876 - 32.1542 -
ACRES 1.8901 .80 2.1445 .94 
ACRESQ -.2388 -1.25 -.2548 -1.35 
Area dummies 
NORTHWEST 5.8723 .72 5.6324 .70 
NORTH-CENTRAL 6.4416 .75 6.7132 .78 
NORTHEAST -23.5316 -3.05 -26.2409 -3.07 
WEST-CENTRAL 14.7561 1.77 14.4142 1.75 
CENTRAL 9.8572 1.13 10.2943 1.19 
EAST-CENTRAL -11.7301 -1.34 -11.6567 -1.36 
SOUTHWEST -16.5092 -1.74 -16.9583 -1.31 
SOUTH-CENTRAL -2.8153 -.28 -4.1750 -.41 
Human capital 
EDUCATION -.5041 -.594 _ 
EXPERIENCE -.4334 -2.64 -.4198 -2.75 
M-ISF .2365 .45 - -
PC-ISF .9319 .46 - -
GP-ISF 3.3849 1.88 3.4877 2.12 
M-PMS 1.5826 .89 - -
PC-PMS 1.6035 .87 1.9552 1.16 
M-AES 2.8276 1.50 2.9009 1.71 
PC-AES 1.3161 .54 - -
GP-AES -2.1705 -.92 - -
GP-PEI -4.2061 -1.62 -4.3637 1.74 
SECONDARY -.2002 -.11 - -
HEALTH 2.9378 1.05 3.1945 1.16 
.123 .120 
F-ratio 4.09 5.77 
n 696 696 
^he dependent variable of this specification is [ -1)100] 
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Table 5.4. OLS estimates of the nonlinear model of differential cost 
efficiency, Iowa fara operators, 1976^ 
Independent 
variables 
Ecuation 1 
Estimate t-Ratio 
Eqiiation 2 
Estimate t-Ratio 
INTERCEPT 
ACRES 
ACRESQ 
Area dianmies 
NORTHWEST 
NORTH-CENTRAL 
NORTHEAST 
WEST-CENTRAL 
CENTRAL 
EAST-CENTRAL 
SOUTHWEST 
SOUTH-CENTRAL 
HiiTTian capital 
EDUCATION 
EXPERIENCE 
M-IS? 
PC-ISF 
GP-ISF 
M-PMS 
PC-P.MS 
M-AES 
PC-AES 
GP-AZS 
GP-PEI 
SECONDARY 
HEALTH 
R 2  
F-ratio 
n 
4.555 
.0358 1.55 
-.0034 -1.81 
.0289 
.0786 
.36 
.93 
-.3357 -3.96 
.1242 1.53 
.0723 .85 
-.0391 -1.04 
.1329 -1.43 
—.0671 -.68 
-.0224 -.25 
-.0030 -1.90 
.0001 
-0111 
.0430 
.0209 
.0075 
.0177 
.0143 
.0147 
-.02 
.57 
2.44 
1.20 
.41 
.06 
.60 
.64 
.0386 -1.52 
.0005 .03 
.0259 .95 
.138 
4.68 
696 
4.600 
.0340 1.51 
-.0034 -1.85 
.0309 
.0884 
.3317 
.1351 
.0746 
.0927 
.1329 
.0781 
.39 
1.06 
-3.97 
1.69 
.88 
-1.11 
-1.46 
-.79 
-.0025 -1.80 
.0494 3.22 
.0221 1.32 
-.0362 -1.49 
-134 
7.49 
696 
The dependent 
c_ 
C logarithm of [ (— 
variable of this specification is the natural 
1)100 + 75]-
110 
areas implies that the model may be characterized by rela­
tively large amounts of "noise". 
Although the percentage of variation in the measure of 
relative cost efficiency explained by a regression is 
low, the estimated coefficients of a number of independent 
variables are statistically different from zero. The 
estimated coefficient of the experience variable has the 
correct expected sign and is statistically different from 
zero at the .01 level of significance in the linear specifi­
cation and the .10 level of significance in the nonlinear 
specification. Farm operators with more years of management 
experience are more cost efficient than operators with fewer 
years of experience. The estimated coefficient of the 
frequency of attendance at group programs organized 
and conducted by input supply companies is positive and 
statistically different from zero at the .05 level of sig­
nificance in both specifications. This result implies that 
operators who frequently utilize such information are less 
cost efficient than operators who less frequently utilize 
this source. Farm operators may use greater than optimal 
quantities of particular variable inputs that are actively 
promoted by input suppliers. Coefficients of other human 
capital variables are not statistically different from 
zero in both of the specifications. 
Ill 
The signs of the coefficients of the scale variables are 
opposite of the expected signs, but the coefficients are not 
statistically different from zero at the .05 level of 
significance. The coefficient of only one of the area dummy 
variables is statistically different from zero at the .05 
level of significance. Operators in the Northeastern section 
of the state are more cost efficient relative to operators in 
other sections of the state. This may result from differences 
in either relative prices or the composition of nitrogen 
sources. Because this is a relatively important dairy pro­
duction area within the state, manure may be a significant 
source of nitrogen. The negative coefficient may imply that 
the method of estimating dairy manure nitrogen significantly 
underestimated the actual nitrogen content. 
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CHAPTER VI. SUMMARY AND CONCLUSIONS 
Production efficiency involves two concepts that are 
termed technical and allocative efficiency. A firm is 
technically efficient if it produces the maximum rate of 
output for given quantities of variable inputs. Technical 
efficiency implies that the firm adopts and properly imple­
ments the best available and appropriate technology. A 
firm is allocatively efficient if it maximizes profit. 
Allocative efficiency implies that the firm selects quanti­
ties of variable input so that, for each input, the value 
of the marginal product is equal to the marginal factor 
cost. 
Disequilibria in product and factor markets force firms 
to adjust production and reallocate resources. The dynamic 
characteristics of product and factor markets determine the 
frequency of adjustment or reallocation. In an economically 
dynamic environment, production efficiency will depend on 
the technical and allocative abilities of firm managers. 
Technical ability is the ability to correctly implement, 
monitor, and adjust production technologies and processes. 
Allocative ability is the ability to perceive, evaluate and 
respond both quickly and correctly to changes in economic 
conditions. The human capital approach hypothesizes that 
technical and allocative abilities are learned as opposed to 
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innate skills. Firm managers invest time and other resources 
in formal and informal education, job training, information 
search, and other activities to develop technical and 
allocative skills. If product and factor markets are 
economically dynamic and if managers are directly responsible 
and financially accountable for production decisions, then 
potential rates of return to human capital investments may 
be relatively lairge. 
Agriculture is a logical industry to choose for investi­
gating the sources of differential firm efficiency. Modern 
agriculture is characterized by dynamic product and factor 
markets and relatively uncomplicated management structure. 
Conceptual models of agricultural production efficiency are 
formulated. A model of technical efficiency is constructed 
for analyzing differential rates of adoption and utilization 
of a single production technology. A model of allocative 
efficiency is developed for analyzing differential cost 
efficiency. It is hypothesized that accumulated invest­
ments in formal and informal education, farm management 
experience, information, aid health will significantly im­
prove both technical and allocative efficiency of farm firms. 
The corn production efficiency of Iowa farm firms is 
investigated in the empirical specification and estimation 
of the models. Technical efficiency is analyzed for the 
type of tillage practice used in corn production. A regression 
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model including variables for profitability of the investment 
and human capital of the farm operator is hypothesized for 
analyzing differential rates of adoption and utilization of 
reduced tillage practices. Allocative efficiency is analyzed 
for the cost efficiency of corn production. A measure of 
relative cost efficiency, the percentage by which actual 
variable cost differs from a theoretical minimum cost, is 
derived. A theoretical minimum cost is calculated from 
estimates of production function parameters and actual vari­
able input prices. The actual variable cost is calculated 
directly from input data of firms and variable input prices. 
A regression model including variables for scale of operation 
and humain capital of the farm operator is hypothesized for 
analyzing differential cost efficiency. 
Estimates of the technical efficiency models indicate 
that the scale of the com enterprise, the type of cropping 
system, soil quality, years of formal schooling of the 
operator, and the operator's frequency of attending extension 
programs significantly influence the probability of adoption 
and the rate of utilization of reduced tillage practices-
Operators of farms with larger corn enterprises, relatively 
large soybean enterprises and lighter sandy soils will more 
likely adopt and more fully utilize reduced tillage practices, 
other things equal. Furthermore, operators who have completed 
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more years of formal schooling and who frequently attend 
and utilize information from public programs organized and 
conducted by the agricultural extension service will more 
likely adopt and more fully utilize reduced tillage practices, 
other things equal. 
Estimates of the allocative efficiency model indicate 
that years of farm management experience and the operator * s 
frequency of attending public programs organized and conducted 
by input supply firms significantly influence relative cost 
efficiency. Although there exists considerable noise in the 
model, estimates imply that operators with greater years of 
farm management experience are more cost efficient relative 
to managers with fewer years of management experience, other 
things equal. Furthermore, the estimates imply that operators 
who frequently attend and utilize information from public 
programs organized and conducted by input supply firms are 
less cost efficient than operators who less frequently attend 
and utilize this type of information. Results of this study 
differ from those of Fane (1975) and Khaldi (1975). Both 
reported a positive relationship between scale and cost 
efficiency and between education and cost efficiency. How­
ever, each used either county or state aggregate data in 
his empirical analysis. 
The conclusions of this analysis identify types of 
investment activities that contribute to the development of 
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allocative and technical skills. In the analysis of human 
capital, it is useful to distinguish between human capital 
investment activities, the human capital stock, and the 
service flow emitting from the stock. Services of human 
capital may be useful in firm production, household pro­
duction, or household consumption. The researcher must 
evaluate the value or worth of the service flow of human 
capital. Accurate evaluation is often a difficult task. 
Because agricultural markets are technically and economically 
dynamic and because the management structure is relatively 
uncomplicated, the potential returns to technical and allo­
cative ability in agricultural production are relatively 
large. Once returns to such abilities are evaluated, in­
vestment activities that contribute to the development of 
these abilities need to be identified. Results of this 
analysis indicate that years of formal schooling, years of 
management experience, and extension contact contribute to 
the development of allocative and technical skills. 
The identification of useful investment activities and 
the estimation of rates of return to these investments have 
important micro and macro economic implications. Once 
these relationships are understood clearly and evaluated 
accurately, economists may be better able to explain and 
predict human behavior. In addition, an accurate under­
standing and evaluation of these relationships may guide 
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policy-makers in their allocation of public research and 
extension funds. Further research is required in two specific 
areas. Social scientists need to more precisely identify 
parcimeters of functional relationships between investment 
activities and the development of human capital. Economists 
need to measure more accurately both the investment costs 
and the value of the service flow not only in firm production, 
but also household production and consumption. 
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APPENDIX A: CALCULATION OF THE ADJUSTED 
NITROGEN FERTILIZER VARIABLE 
Farm operators reported the pounds of commercial nitro­
gen applied per acre. This value is adjusted for manure 
nitrogen that could be utilized from livestock enterprises 
and for fixed nitrogen that results from legume (soybean) 
crop rotations. 
The nitrogen content of manure from the hog, dairy 
cattle, and beef cattle enterprises of the firm is calcu­
lated. The pounds of nitrogen produced per animal are calcu­
lated by multiplying the nitrogen content of daily wastes^  
by the number of days in production. The nitrogen content 
of daily wastes is calculated for the average weight of the 
animal over the production period. A 50 percent nitrogen 
loss is assumed. The nitrogen loss will depend on the 
type of waste disposal system and whether the manure is 
spread over or incorporated into the soil. Finally, the 
pounds per acre are calculated by dividing the gross pounds 
of manure nitrogen by the total number of acres. Adjustments 
are made in the value if dairy or beef cattle were on perma­
nent pasture and woodland rather than confined in feedlots. 
The coefficients used to calculate pounds of manure nitrogen 
1 • Coefficients used in this analysis are taken from Mid­
west Plan Service (1976, p. 235). 
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per animal are presented in Table A.l. 
The estimated value of manure nitrogen appears to be 
reasonable. The values ranged from 0 to 142 pounds per 
acre, but only 27 values were greater than 50 pounds. The 
mean of firms with livestock enterprises was 17.2 pounds 
per acre. The frequency distribution of pounds of manure 
nitrogen per acre is presented in Table A.2. 
The pounds of fixed nitrogen from legume crop rota­
tions are calculated only for the corn-soybean rotation of 
the firm. Because plants cannot directly utilize atmospheric 
or free nitrogen, nitrogen must be attached or "fixed" to 
other elements. Legume plants have the capability to "fix" 
nitrogen into the soil. This nitrogen may be utilized by 
other crops following in the rotation. 
2 A rule of thumb is used to calculate the quantity of 
fixed nitrogen. This rule states that one pound of nitrogen 
is fixed for each bushel of soybeans that is produced per 
acre. Because farm firms reported soybean yield and soybean 
acres, the calculation is si^ iple and direct. The value is 
adjusted for the relative size of the corn and soybean 
enterprises in the crop rotation. 
2 From personal communication with various members of the 
Department of Agronomy, Iowa State University. 
Table A.l. Coefficients used to calculate pounds of manure nitrogen per 
animal 
Enterprise 
Pounds 
nitrogen/ 
day 
Average 
weight 
Days 
in Loss 
production 
Pounds 
nitrogen/ 
animal 
produced 
1. HOG 
a. Finishing hogs 
b. Sow and litter 
. 0 6  
.12 
130 
320 
120 
182.5 
.5 3.60 
10.59 
2. DAIRY 
a. Cow 
b. Replacement heifer 
3. BEEF 
a. Breeding herd 
b. Slaughter cattle 
c. Feeder cattle 
.41 
.30 
.36 
.38 
. 2 6  
1,000 
750 
1,200 
1,000 
750 
365 
182.2 
365 
182.5 
182.5 
.5 
.5 
.5 
74.83 
27.38 
65.7 
34 .68 
23.73 
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Table A.2. Number of farms by potential pounds of manure 
nitrogen per acre 
Nu^nber of firms 
0 159 
.01- 5.00 115 
5.01-10.00 176 
10.01-15.00 163 
15.01-20.00 101 
20.01-25.00 64 
25.01-30.00 45 
30.01-35.00 22 
35.01-40.00 13 
40.01-45.00 15 
45.01-50.00 5 
<50 27 
TOTAL 905 
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APPENDIX B: THE RELATIONSHIP BETWEEN 
MOISTURE STRESS AND RAINFALL 
Daily moisture stress is calculated by the following 
equation : 
MS = 1 - (Al) 
where 
MS = measure of moisture stress, 
ET = actual évapotranspiration, 
PET = potential évapotranspiration. 
If actual évapotranspiration (ET) is equal to potential 
évapotranspiration (PET), then the measure of stress for that 
day is zero. However, if no évapotranspiration occurs, 
then the measure is equal to one. The measure may vary be­
tween zero (no stress) and one (maximum stress). The moisture 
stress index is calculated by summing weighted daily stress 
values over an 85-day growing season. The weights vary for 
different stages of plant development. Largest weights are 
applied to a critical 5-day silking period. In addition, 
the index is adjusted upward if the stress measure exceeds 
a specified high level for two or more consecutive days. 
The coded values of the moisture stress index are 
regressed on the monthly rainfall amounts to examine the 
relationship between rainfall and moisture stress. Soil 
moisture and atmospheric demand determine moisture stress. 
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Monthly rainfall amounts determine soil moisture, but the 
intensity and timing of the rainfall as well as soil charac­
teristics determine the amount of soil moisture. A variety 
of other environmental conditions such as humidity, tempera­
ture, and air pressure determine the atmospheric demand. 
Results of the regression are presented in Table 3.1. 
Table 3.1. 
Vciriable 
name 
OLS estimates of the regression of monthly rain­
fall. on the moisture stress index 
Estimated 
coefficient 
t-Ratio 
Intercept 
JNRF 
JNRFSQ 
JRF 
JRFSQ 
ARF 
ARFSQ 
R: 
F-value 
n 
16.11 
-3.13 
.32 
-1.74 
. 2 0  
-1.21 
.16 
.450 
125.9 
932 
-12.974 
9.652 
-8.972 
6.419 
-4.311 
2.157 
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Monthly rainfall amounts explain about half of the 
variation in the moisture stress index (MSI). June rainfall 
is the most significant explanatory variable. Two explana­
tions are possible. First, soil moisture for the entire 
growing season may be dependent on June rainfall. Second, 
atmospheric demand may be greatest for the month of June 
or before the time when the plant "shades" or covers the soil. 
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APPENDIX C: A DESCRIPTION OF PROSIT AND TOBIT 
ESTIMATION 
Probit Estimation 
Probit estimation is appropriate for regression models 
in which the dependent variable is binary. Because the de­
pendent variable is limited to zero or one, the error term 
is also confined to two values. The error term is discretely 
rather than continuously distributed and its variance is a 
function of the expected value of the dependent variable. 
As a result, OLS estimates are not efficient and standard 
tests of statistical significance do not apply. The simple 
regression model may be written: 
= Bo + t^' (CI) 
where 
= binary variable equal to one or zero (t = l,2,...,n), 
= unknown regression parameters (i = 1,2) , 
= independent or explanatory variable, 
= random error. 
The error term is also limited to two values : 
= 1 - Sq - if ^  = 1, (C2) 
or 
= -Sg - $2%% if Y = 0. (C3) 
It is assumed that the critical level of the explanatory 
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variable differs from operator to operator and that the 
distribution of these levels is normal. This assumption 
may not be realistic in this analysis or most other economic 
analyses. The conditional probability of adoption is given 
by the cumulative density function;  ^
1 —1~ p(x, ) = F(g. + S,x. ) = —  ^e ^  de. , (C4) 
where 
p(x^ ) = conditional probability of adoption, 
FCSg+SjX^ ) = cumulative density function of a 
standardized normal variable. 
The probit transformation is the inverse of the cumulative 
density function of a standardized normal variable. The 
transformed probability may be written: 
F"^ [?(X ) ]  =  S O+8iXt. (C5) 
Parameters may be estimated by the method of maximum 
likelihood. If the sample is divided into adopters and 
nonadopters, then the likelihood function is: 
1^  ^ n , r^ O"^ l^^ t 
L = TT  ^
t=l /2-
e ^  de TT [1—— 
t=n^ +l /^ i" •' 
e2 
e ^  de], (C6) 
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where 
X,.-.X = adODters of a reduced tillage oractice, 
± 
x^  _j_^ ...x^  = nonadopters of a reduced tillage practice. 
The likelihood function is differentiated with respect to 
the unknown parameters- The resulting normal equations are 
nonlinear and parameter estimates are calculated by itera­
tive computational procedures, usually Newton-Raphson. The 
probit program available at Iowa State University is a pro­
gram developed by Dr. James J. Eeckman and Ralph Shnelvar. 
Tobit Estimation 
Tobit estimation, initially proposed by Tobin (1958) , 
is appropriate for regression models in which the dependent 
variable is truncated at zero. Severe truncation violates 
the assumption of normality and standard tests of statistical 
inference are not applicable. Tobin considers the simple 
regression model: 
y^  = 6Q + 0^ ®l^ t (C7) 
=0 if Sq + 
where all terms are defined as before. Each disturbance 
term is assumed to be normally and independently distributed 
2 
with mean zero and constant variance (a ). If the sample 
is divided into zero and nonzero values, the likelihood 
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function is:  ^2 
^i 
2 
n fO 2a 2 
I t  e d£ 
i=l a/2? i=n^ +l-' -» a/5F 
where 
= zero values. 
n^ +l n 
Estimates are derived by differentiating the likelihood 
function with respect to the unknown parameters. Both the 
likelihood function and normal equations are nonlinear. 
Amemiya (1973) proves the strong consistency and asymptotic 
normality of the maximum likelihood estimators. The Tobit 
program available at Iowa State University was developed by 
Dr. James D. Adams. The program restricts the number of 
independent variables used in an analysis to 18. 
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APPENDIX D: LOGIT ESTIMATION OF THE 
REDUCED TILLAGE ADOPTION MODEL 
Theil (1971, p. 632) notes two problems with probit 
methods of estimation. First, the theoretical background and 
computational routines of the probit analysis are compli­
cated. Second, the normality assumption is often not rele­
vant in economic applications. The logit model employs an 
alternative transformation and estimation procedure. If p 
is the probability of adopting a reduced tillage practice, 
then the "odds" in favor of adopting a reduced tillage 
practice are: 
The logit is defined as the logarithm of the "odds" in 
favor of adoption. The logit function is a suitable trans­
formation of the probability. The value of the logit in­
creases from -•» to ™ as p increases from 0 to 1. The 
transformation spreads the probability across the entire 
real line. 
It is hypothesized that the logit is a log-linear 
function of a number of independent variables. 
In = Sf. + In X, +...+ S_ In x . (D2) 
x-p u i 1 n n 
The parameters of this specification are elasticities or the 
percentage change in the "odds" divided by the percentage 
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change in the independent variable. Solving Equation D2 
for p results in the following logistic function: 
p = - (D3) 
, •-"^ n^ n 1 + e 
The parameters of the model may be estimated by weighted 
least squares or maximum likelihood statistical methods. 
Independent variables are grouped into discrete intervals 
and the observed relative frequency of adoption is calcu­
lated for each cell. The observed logit is then used in the 
statistical estimation procedure. 
A stepwise logistic regression program is available in 
the 1979 version of the Biomedical Computer Program (BMDP). 
Maximum likelihood methods are used to estimate the 
parameters of the logistic model. Because of program and 
space limitations at the Macalester College computer instal­
lation, the number of independent variables is less than the 
number used in the probit analysis and the independent vari­
able intervals are wider than preferred. 
Five independent variables are included in the analysis. 
The number was reduced so that independent variables could 
be grouped into intervals as small as possible. The inde­
pendent variables included are: 1) the scale variable 
(ACRES), 2) a per acre profitability variable (SOYBEANS), 
3) a soil quality variable (CALF), 4) the number of years of 
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formal schooling of the farm manager (EDUCATION), and 5) the 
frequency of attendance at public programs organized and 
conducted by the extension service (GP-AES). 
The selected interval and corresponding frequency 
distributions of the five independent variables are pre­
s e n t e d  i n  T a b l e  D . l .  A  t o t a l  o f  1 0 0 8  ( 7 x 4 x 3 x 4 x 3 )  
different frequency cells are possible. The 862 cases 
with no missing values are grouped into 309 of these cells. 
Of the 862 firms, 504 had adopted and 358 had not adopted a 
reduced tillage practice. The estimated coefficients and 
t-ratios of the logit model are presented in Table D.2. 
The signs of the estimated coefficients are identical 
to those of the OLS and probit estimates. The estimated 
coefficients of the scale and per acre profitability vari­
ables are positive and statistically different from zero 
at the .01 level of significance. 3oth the coefficients 
and t-ratios are relatively large. The probability of adop­
tion by firms with either large corn enterprises or relatively 
large soybean enterprises is greater than the probability of 
adoption by firms with small com enterprises or relatively 
small soybean enterprises. 
The estimated coefficient of the soil quality variable 
is negative and statistically different from zero at the .01 
level of significance. This indicates that the more expensive 
Table D.l. The frequency distributions of the independent variables used in the 
logit analysis 
ACRES SOYBEANS CALP 
Acres 
Number of 
firms Ratio 
Number of Dollars 
per acre 
Number of 
firms 
X £ 60 201 0 241 X ^  1200 296 
60 < X < 120 205 o
 
A
 X ! A .B 231 1200 X  ^1000 474 
120 < X < 100 171 . 5 < X < 1 305 1800 X 163 
100 < X < 240 07 1 < X 88 TOTAL 933 
240 < X < 300 45 TOTAL 071 
300 < X < 360 31 
360 < X 52 EDUCATION GP-AES 
TOTAL 072 
Years 
Number of 
firms 
Frequency Number of 
code firms 
X < L 8 204 X £ 1 642 
CO
 
A
 
X \ A
 L 12 576 1 < X £ 2 217 
12 < X < 14 91 2 < X 60 
V
 ! 59 TOTAL 927 
TOTAL 930 
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Table D.2. Logit estimates of parameters of the adoption 
model 
Independent variables t-Ratio 
coefficient 
INTERCEPT -2.490 -6.861 
ACRES .437 7.852 
SOYBEANS .566 6.928 
CALP -.330 -2.813 
EDDC .358 3.291 
GP-AES .234 1.805 
Log of Likelihood -506.136 
Goodness of Fit chi-scuare 341.705 
and heavier black soils are less suited to reduced tillage 
practices than the less expensive and lighter sandy soils. 
The estimated coefficients of the education variable is 
positive and statistically different from zero at the .01 
level of significance. Finally, the estimated coefficient 
of the extension variable is positive and statistically 
different from zero at the .10 level of significance. The 
probability of adoption is greater for firm managers who 
have either completed more years of formal schooling or who 
frequently attend public programs organized and conducted by 
the extension service, other things equal. 
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APPENDIX E: OLS ESTIMATES OF SOIL ASSOCIATION DUMMY 
VARIABLES INCLUDED IN THE REDUCED TILLAGE ADOPTION 
AND UTILIZATION MODELS 
OLS estimates and t-ratios of 19 soil association dummy 
variables included in Equation 3 of the reduced tillage 
adoption model are presented in Table E.l. 
Table E.l. OLS estimates of soil association dummy variables 
included in the reduced tillage adoption model 
Soil dummy Equation 3 
variable Estimate t-Ratio 
D1 
D2 
D3 
D4 
D6 
D7 
D8 
D9 
DIO 
D12 
D13 
D14 
D15 
D16 
D17 
D18 
D19 
D20 
D21 
.294 
.229 
.136 
.011 
.029 
.166 
.163 
.121 
.142 
.047 
.271 
.168 
.170 
.216 
.102 
.180 
.301 
.167 
.270 
1.94 
2.12 
1.36 
.09 
-.16 
1.68 
2.42 
.94 
2.36 
.81 
2.42 
.89 
2.40 
2.45 
-.44 
2.14 
3.90 
2.47 
1.43 
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OLS estimates and t-ratios of 19 soil association dummy 
variables included in Equation 3 of the reduced tillage 
utilization model are presented in Table E.2. 
Table E-2. OLS estimates of soil association dummy variables 
included in the reduced tillage utilization model 
Soil dummy Equation 3 
variable Estimate t-Ratio 
D1 20.40 1.57 
D2 17.80 1.91 
D3 9.58 1.11 
D4 -9.41 — .86 
D6 3.89 .25 
D7 10.41 1.22 
D8 16.18 2.79 
D9 17.34 1.58 
DIG 9.25 1.79 
D12 -1.61 —. 32 
D13 21.49 2.23 
D14 13.71 .84 
D15 12.28 1.97 
D16 18.73 2.46 
D17 -8.70 -.44 
D18 16.04 2.21 
D19 20.45 3.08 
D20 17.34 2.97 
D21 26.27 1.61 
